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PERCUTANEOUS CATHETERIZATION VIA THE 
AXILLARY ARTERY* 





NEW 


APPROACH TO SOME TECH! 





NICAL 


ROADBLOCKS 


IN SELECTIVE ARTERIOGRAPHY 


By PAUL 


MONTREAL, 
V /ITHIN the past few vears great 
"Y strides have been made in cardiac 
and vascular radiology, but unlimited 


possibilities for further development re- 
main. Since ease of performance and the 
low morbidity of a method are equally as 
important as the quality and quantity of 
information gained, it must be borne in 
mind that the technical procedures in this 
held are still in the creative and adjustment 
stages; newer approaches must be de- 
veloped to overcome problems that have 
arisen during the use of existing techniques. 

At the present time, Seldinger's meth- 
od"? of percutaneous catheterization of 
the femoral arterv by means of a radio- 
pague tubing! has largely replaced direct 
aortography and intrave nous opacification 


of the arterial svstem.*?7 The dangers of 
direct needle injection are avoided and 


selective opacification of the aorta at the 
desired level may be realized with precision 


ROY, M.D.1 
QUEBE 


C, CANADA 


cathererization via this route has per- 


petmittec selective arteriography!" of the 
renal, mesenteric, celiac, coronary, sub- 
clavian, carotid and vertebral arteries. 


Unfortunately, however, certain pathologic 
conditions Sronibit utilization of the fem- 
oral vessels.?? In the presence of a Leriche 
syndrome, tortuosity or stenosis of the 
femoral or iliac arteries, and aneurysm of 
the abdominal aorta, retrograde femoral 
catheterization becomes impractical or 
dangerous. In addition, due to their par- 
allel course to the aorta, the celiac and 
superior mesenteric arteries may defy 
selective catheterization by the retrograde 
femoral route, even when the catheter is of 
small caliber and has a hook-shaped end 
(Fig. 1, Z, B and C). For the same reason, 
selective unilateral renal arteriography is 
sometimes difficult or impossible to achieve. 

Problems mav also be encountered at the 


thoracic level when the catheter is intro- 


under fuoroscopic control. Furthermore, duced through the femoral artery. Access 
* Presented in part at the Tenth International Congress of Radiology, Montreal, Canada, August 26-September 1, 1962. 


f Radiologist in charge of the Cardiovascular Section, Department of Diagnostiek ; 
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:adiology, Hótel- Dieu de Montréal, 


t+ 


"o 
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Fic. t. (4, d B anC) Pitfalls in selective celiac or 
superior mesenteric catheterization by the femoral 
route. Nearly vertical direction of vessels requires 
such acute angulation of catheter that it cannot 
penetrate a sufficient. distance. Additional ma- 
neuvers make it slide back into the aorta. CA-— 
celiac artery; SM--superior mesenteric artery. 


to the subclavian or common carotid artery 
on the left and the innominate artery on 
the right is often impossible, particularly in 
older people where the arteries at the base 
of the neck become elongated and tortuous 
due to arteriosclerosis (Fig. 2, Æ and $; 
and 3, 4, B and C). The catheter, which 
has followed the aortic lumen through 
nearly all of its length, does not respond 
satisfactorily to the operator’s maneuvers 
and frequently cannot be guided into the 
abnormal angle formed by the arterio- 
sclerotic vessels and the arch of the aorta. 
This is particularly true when the aorta is 
markedly uncoiled (Fig. 4, Æ and B). 
Certain alterations in the curvature of the 
catheter will sometimes permit these ob- 
stacles to be overcome, but, in a great many 
instances the femoral approach results in 
failure. 

In an attempt to circumvent these 
difficulties, some — workers? ?.15* ^ have 
resorted to catheterization of the radial or 
brachial arteries (Fig. 5$). However, in 
using this approach, even greater problems 
are commonly encountered. Since these 
vessels are smaller in caliber than. the 
femoral arterv, thev are less tolerant to 
trauma? ^?* and sometimes react with such 
intense spasm that even needle puncture 
becomes difficult. When introduction. of 
the catheter is possible, spasm also fre- 


Paul Rov 


May, 1955 


quently immobilizes the tube so that the 
guiding movements of the operator are 
ineffective. Successful catheterization may 
be followed bv marked spastic phenomena 
which make withdrawal of the catheter 
laborious and may result in such serious 
complications as thrombosis. 

of the axillary artery was begun in the 
Department of Radiology of the Hôtel- 
Dieu Hospital in January, 1961. In spite 
of a few and discouraging attempts bv 
Peirce? and by Seldinger,” it was assumed 
that the larger and readilv palpable vessel 
would be more tolerant to trauma. In a 
series of 3,476 vascular studies pertormed 
during a 3 vear period, the author has 
emploved the axillary artery in 475 differ- 
ent cases for selective roentgenologic ex- 
ploration of the aorta and its subdivisions. 
Other workers have become aware of our 
procedure through personal communica- 
tions, preliminary reports!??" and lec- 
tures at various radiclogic meetings.” Some 
have adopted the procedure and their 
experience has paralleled ours; the axillary 
artery represents à convenient and safe 
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Fic. 2. (4) Relative position of the arteries of the 
base of the neck, originating from the normal 
aortic arch (left anterior oblique view). ATA~- 
ascending thoracic aorta; RSC—right subclavian 
artery; RCC—-right common carotid artery; 
LCC-—left common carotid artery; PSC—left 
subclavian artery; D'TA--descending.— thoracic 
aorta, (B) In arteriosclerosis, elongation and un- 
coiling of the aortic arch are most often marked in 
its distal portion, Consequently, the vessels of the 
base of the neck are displaced bv their proximal 
segment towards the anterior mediastinum. 
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Fic. 3. Comparison of images in normal state 
(4) and pathologic states (B and C) in left 
anterior oblique view. Note inclination of 
major arteries of the base of the neck and 
their displacement towards the anterior 
mediastinum, when the distal part of the 
aortic arch is elongated. 


approach to the aorta and its subdivi- 
sions, ^ ^? [t provides a satisfactory alter- 
native to the femoral route in the presence 
of certain pathologic states, and is probably 
preferable for opacification of the vessels 
of the upper extremities or head and neck. 


—— 





PUNCTURE OF THE AXILLARY 
ARTERY: TECHNIQUE 


With she arm extended in supination and 
abducted nearly 135° from the body, the 
axillary artery can be palpated immedi- 
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FIG. 4. Attempt at selective catheterization of the 
left subclavian artery by the femoral approach. 
The aortic arch is elongated and uncoiled by 
arteriosclerosis. (4) Since the direction of the 
vessels is not favorable, the tip of the catheter can- 
not penetrate the left subclavian artery, either 
because it comes in immediate contact with the 
wall of this vessel or it forms a loop in the aortic 
arch. (B) By attempting further penetration into 
the selected vessel, the tip of the tubing invaria- 
bly slides back into the ascending aorta. Alter- 
nately, if engagement is not complete, back push 
on the catheter during rapid injection of opaque 
material results in the same outcome. 


ately posterior to the pectoral muscles 
(Fig. 6). The skin and tissues adjacent to 
the artery are infiltrated with a local 
anesthetic such as 2 per cent xvlocaine. At 
this preliminary stage, the needle tip may 
touch a few branches of the brachial plexus 


Fig. $. 


Catheterization of the thoracic aorta by 
the brachial approach, 





Roy May, 1965 
(Fig. 7). The patient, previously warned of 
this possibility, immediately indicates tke 
pain felt, and the operator utilizes the 
opportunity to perform a partial nerve 
block. A characteristic numbness from 
arm to hand in the ulnar, median, or radial 
distributions is experienced usually with 
varving degrees of motor weakness. 

A tiny superficial incision is then made in 
the skin with the tip of a scalpel. The 
tissues are delicately dissected with the 
blunt end of a force»s, producing a small 
wound 2 or 3 mm. in diameter through 
which the artery may be reached without 
interference from the overlying soft tissues. 
An Odman needle of small caliber with the 
internal probe withdrawn is directed medi- 
ally and upward in the line of the artery 
at an angle of 45° from the skin surface 
(Fig. 8.7). Penetration of the soft tissue 
must be performed slowly and gently with 
alternating clockwise and counter-clock- 
wise rotations until the arterial pulse is 
transmitted to the fingers of the operator. 
The needle is then pushed forward until the 
arterial wall is per-orated. With proper 
insertion, a few drops of blood are immedi- 
ately seen at the orifice of the inner can- 
nula. The latter is then withdrawn and a 
jet of blood is seen with each systolic phase. 
The remaining outer trocar is advanced 
into the lumen of the artery at an angle of 
approximately 10°; z.e., the plane of the 





Fic. 6. Needle penetrates the axilla. 
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trocar roughly parallels the surface of the 
skin (Fig. 88). To avoid blockage, the 
cannula should be introduced in such a 
fashion that the free fow of blood is not 
impeded. For upper limb arteriography, 
the needle is connected by means of a large 
polyethylene tubing to a syringe con- 
tuning the contrast medium. The con- 
nection tubing should have some degree of 
flexibility, but be sufficiently resistant to 
withstand the injection pressure. Coupling 
is carried out by means of Luer-Lok 
adaptors. When it is necessary to delay the 
injection or await the processing of films, 
patency of the cannula is maintained by a 
slow drip of an isotonic sodium chloride 
solution under pressure. 

For percutaneous catheterization (Fig. 
g), arterial puncture is performed in an 
identical manner, following which the 
trocar 1s replaced by tubing as described 
by Seldinger. 

Following completion of the procedure 
and withdrawal of the catheter, the oper- 
ator or his assistant exerts firm manual 
pressure on the axilla for 10 to 1 5 minutes. 
This is essential to prevent formation of a 
hematoma. 





Fro. 7. Site of percutaneous puncture for axillary 
approach. A—axillary artery; B and C 
nents of the brachial plexus. 
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lic. 8. C7) The needle is first introduced in the 
artery, forming with it an angle of 45°. (5) The 
needle is then lowered to an angle of approxi- 
mately 10°, to ensure further penetration in the 
axis of the arterial lumen. 


APPLICATIONS OF AXILLARY 

ARTERY PUNCTURE 

A. UPPER EXTREMITIES 
Our first attempts were limited to arteri- 
ography ot the upper limb by percutaneous 
puncture of the axillary artery and direct 
needle injection of 30 cc. of 60 per cent 
renografin.'*?" The injection was carried 
out within 2 seconds under an 
pressure of 25 pounds per square inch. 
With the needle properly positioned in the 
axis of the lumen of the vessel, it was noted 
that retrograde reflux of the opaque sub- 
stance would reach the innominate arterv 
on the right or the proximal portion of the 


average 





Fıc. 9. Catheter in the axillary artery. 
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FıG. 10. Direct arteriography of the left upper limb 
by percutaneous puncture of the axillary artery 
demonstrating a considerable back flow of opaque 
material into the subclavian artery and its col- 
laterals, particularly the vertebral artery. 


subclavian artery on the left (Fig. 10). 
Consequently, with this technique, it was 
possible during arteriography of the left 
upper limb to commonly visualize the 
vertebral artery and the collaterals of the 
subclavian artery. On the right, the right 
common, internal and external carotid 
arteries as well as the right vertebral ar- 
teries are usually visualized on the film 
exposed immediately at the end of the 
injection. In the few seconds following this, 
excellent opacification of the arteries of the 
arm, forearm, and finally the hand and 
fingers (Fig. 11) can be obtained. Obstruc- 
tions of any type with attendant collateral 
circulation are readily demonstrable. 

Since this technique proved so success- 
ful, we did not hesitate to employ the 
axillary artery for percutaneous arterial 
catheterization (Table 1). During 3 years 
starting in January, 1961, this approach 





lic. 11. Arteriography of the right hand. Direct in- 
jection of the opaque material by needle in the 
axillary artery. Raynaud's disease affecting the 
fourth finger and showing segmental occlusion in 
the proper digital arteries. Note the considerable 
delay in opacification of the vascular network at 


the tip of the same finger. 


has been emploved for 475 arteriographic 
examinations. This experience. has per- 
mitted us to explore and record all potenti- 
alities of the procedure and to selectivelv 


TABLE I 


AXILLARY APPROACH TO ARTERIOGRAPHY 


(Cases examined in 3 vears) 


Applications 





Direct Axillary Arteriography 
(with a needle) 





Selective Aortography or Arteriography 
(with a catheter) 





Total 


Right Approach | 








Left Approach Total 
40 39 79 
O 220 390 
210 205 475 
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RANGE OF APPLICATIONS OF PE 














: Target for Opaque | m 
»pro: | | Type of Examination 
Approach : Injection l i 
| Left ventricle | Levoangiocardiography 
| bs aorta ("Thoracic aortegraphy | 
| (4 0r § cem. above the | Simultaneous, bilateral carotid and vertebral arteriog- 
Right | dod valve) | raphy 
Axillary — | | Morphologic aad functional study of the aortic valve 
A r te r y —— MR | OR AAAA ———— PO mt E —————— REPRE vane 
| Ascending aorta (0 Bilateral coronzry arteriography 
| (Valsalva sinuses) | Selective coronary Abtenogra ny 
| c caneret ut ERirecsu nd ER ME ID Sea cat ae ha RON 3 
| [nnominate artery | Right carotid and vertebral arteriography 
|o Right subclavian artery | Basilar and right carotid arteriography 
| Left ventric! | Levoangiocardiography 
| Ascending aorta | Thoracic aortography 
| (40r § cm. above the | Simultaneous, bilateral carotid and vertebral arteriog- 
| aortic valve) | raphy 
| Morphologic and functional study of the aortic valve 
Ascending aorta | Bilateral coronary arteriography 
(Valsalva sinuses) | Selective coronary arteriography 
Left subclavian artery | Left vertebral arteriography 
f ‘ | 
| Basilar arteriography 
Proximal abdominal aerta | FM QHDIADI 
l M iM À— — 
Left | Celiac artery | Selective celiac arteriography 
Axillary | | Selective splenic arteriography 
Artery | Selective hepatic arteriography 
| Renal artery |. Selective renal arteriography 
| (night or left) : 
NOR UU EE MM a a ŘŘŘ 
| Mesenteric artery | Selective mesenteric arteriography 
| (superior or inferior) | 
| Distal abdominal aorta | Bilateral aorto-iac arteriography 
| | Bilateral lower limb aorto-arteriography 
Iliac artery | Selective iliac arteriography 
|; | (common, external, internal) 
|. Femoral artery | Selective femoral arteriography 
i 
choose the right or left axillar v artery mon or internal carotid arteries remains the 


depending upon the information desired 


(Table 1). 


most frequently utilized and satisfactory 
method o: cerebral angiography, it is in- 
adequate for visualizing the origin of the 
common carotid arteries and is useful in 
visualizing the posterior cerebral arteries in 


B. VESSELS OF THE HEAD AND NECK 


Although direct puncture of the com- 
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Fic. 12. (4) Sup-asternal puncture of the aortic 
arch for thorac c aortography. (B) Percutaneous 
puncture of the subclavian artery for direct 
arteriography. 


only 30 per ceat of cases. Total opacifica- 
tions of the carotid and vertebral svstems 
may be attaired by suprasternal aortog- 
raphy,* but this direct method (Fig. 127) 
may require general anesthesia and carries 
the risk of an uncontrolled hematoma or 
intramural injection with dissection of the 
arterial wall. Because of the risk of dis- 
lodging the needle or tearing the vessel, 
alteration of the position of the patient 
during examiration is also difhcult and 
documentation may be inadequate. Direct 
injection into the subclavian arterv (Fig. 
I2B) has been used as an alternative 
method and for the most part results in 
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Fic. 13. (4) Catheter in the innominate artery. 
RSC—right subclavian artery; RVA—right verte- 
bral artery; [A—innominate artery; RCC—right 
common carotid artery; REC—right external 
carotid artery; RIC—right internal carotid artery. 
(B) Catheter ir. the left subclavian artery. LSC— 
left subclavian artery; LVA—left vertebral 
artery. 





satisfactory arteriograms.? However, tech- 
nical difficulties may sometimes be the 
cause of a perforation of the apical pleura 
with the subsequent development of a 
hemo- or pneumothorax and extravasation 
of the opaque medium mav result in dam- 
age to the brachial plexus. Percutaneous 
puncture of the vertebral artery with 
direct injection of the opaque medium 1s, 
therefore, the most commonly employed 
approach for visualization of the posterior 
cerebral circulation.5:^?*? Unfortunately, 
this is the most dangerous as well as the 
most direct method. Injurv or prolonged 
spasm of the vertebral artery may endanger 
the life of the patiert due to sudden ische- 
mia of the mid-brain (mesencephalon), 
pons or medulla oblongata, particularly 


Fic. 14. Demonstration of the cervical segment of 
the left vertebral artery by injection of contrast 
material in the subclavian artery, after percu- 
taneous catheterization via the left axillary artery. 
Slight narrowing at the origin of the vertebral 
artery. 
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Fic. 15. Demonstration of vascular structures to the right, at the level of the neck, by injection of contrast 
agent in the innominate artery via right axillary percutaneous catheterization. Considerable arteriosclerotic 
clor gation of the right common carotid artery which forms a double loop. During the clinical investigation, 
this was felt as a pulsatile mass and was misinterpreted as an aneurysm. (4) Left anterior oblique view. 
(5) Right anterior oblique view. 


when agenesis or obliteration of the con- 
trala-ceral vertebral artery is present. Fatal 
outcomes have also been reported in the 
presence of deficient circulation in the pos- 
terior portion of the circle of Willis. 

The potential hazards of the brachial and 
‘radial routes have previously been de- 
scribed and the advantages of the axillary 
approach noted. 

Vertebral and basilar arteriography is 
performed by rapid injection of the con- 
trast medium (20 cc. of 60 per cent or 76 per 
cent renografin in 2 or 3 seconds) while the 
tip of the catheter is placed in the proximal 
portion of the subclavian artery (Fig. 13B; 
and 14). On the right, injection in the in- 
nominate artery vields simultaneous ca- 
rotid arteriography and vertebral.basilar 
opaciication (Fig. 134; 15, Æ and B: and 
16). As emphasized for arteriography of up- 


per limbs, direct and rapid needle injection 
of opaque material against the blood flow 
in the right axillary artery usually gives an 
excellent visualization of the right carotid 
system as well as of the vertebral and basi- 
lar circulation in the head and neck. In- 
jection made in the left axillary artery also 
results in a clear demonstration of the left 
vertebral artery in the cervical region 
together with the basilar artery in the 
cranium. 

For selective vertebral artery catheter- 
ization” and basilar arteriography (Fig. 
17, Zand B; and 18, Æ and B), we have on 
several occasions successfully emploved a 
hne, opaque polyethylene tubing with a 
slightly curved extremity. From the axil- 
lary artery, the proximal segment of the 
vertebral artery was easily reached on 31 


Occasions in a series of 41 attempts. How- 
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Fic. 16. Lateral view of the skull. Simultaneous 
basilar and right carotid opacification. Contrast 
material was injected in the innominate artery via 
right axillary percutaneous catheterization. Gross 
enlargement of the basilar and the right middle 
cerebral arteries due to arteriosclerotic deteriora- 
tion of their walls. Some dilution of the opaque 
material in the basilar artery is probably caused by 
unopacified blood coming from the left vertebral 
artery. 


ever, when the procedure results m a failure 
on one side, 1t will usually succeed on the 
other side. 

Simultaneous visualization of the main 
arteries of the neck, that 1s, the innominate 
artery, subclavian arteries, carotid and 
vertebral arteries, from their origin to the 
base of the skull, is obtained routinely by 
rapid and massive injection of 50 cc. of 85 
per cent cardiografin or 80 per cent angio- 
conray in 2 seconds. The tip of the catheter 
in such cases lies in the ascending aorta 
midway between the arotic valve and the 
innominate artery (Fig. 19, Z and B; and 
20). 


C. THORACIC AORTA 


Since the innominate artery 1s nearlv 
vertical to the horizontal portion of the 
aortic arch, it is rarely possible to catheter- 
ize the descending aorta via the right 
axillary approach; catheterization of the 
ascending aorta, on the other hand, is 
easily done (Fig. 19/7). By employing the 
left axillary approach, the catheter readily 
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enters the ascending aorta (Fig. 195) or 
the descending aorta (Fig. 21) as desired, 
provided the tip of the catheter is slightly 
curved so that it mav be maneuvered bv 
rotation and directed to one side or the 
other under fluoroscopic control. 

Our attempts at selective catheterization 
of the coronary arteries by either axillary 
route have been few and sometimes fruit- 
less. It is hoped that with further experi- 
ence and certain modifications in the curva- 
ture and shape of the tip of the catheter, 
such examinations will be more successful 
in the future. 


D. ABDOMINAL AORTA 


In our opinion, the translumbar ap- 
proach for abdominal aortographv should 
be reserved onlv for those cases where a Le- 
riche syndrome is suspected, provided the 
aorta is punctured well below the renal ar- 
terles. Under such circumstances, the only 
reasons in favor of the translumbar method 
are the economy of time and ease of execu- 
tion. Nevertheless, it seems more logical 
and less hazardous to inject the opaque ma- 
terial in the abdominal aorta after cathe- 
terization by the percutaneous axillary ap- 
proach (Fig. 21; and 22). 

The most spectacular results have been 
obtained from selective arteriography of 
the celiac artery (13 cases). In fact, by its 
vertical direction, often nearly parallel to 
the aorta, this vessel lends itself admirably 
to the introduction of a catheter directed 
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Fic. 17. Selective catheterization of the vertebral 
arteries. (4) Right"axillary approach. (B) Left 
axillary approach. RVA—right vertebral artery; 
LVA—left vertebral artery. 
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lic. 18. Two different examples of opacification of the 


normal vertebral-basilar system bv selective catheter- 
ization of a vertebral artery (percutaneous axillary 
route). (4) Anteroposterior view. Injection in the 
right vertebral artery. Note some reflux of opaque ma 
terial into the distal part of the left vertebral artery 


(B, Lateral view. In this case, injection was made in the left vertebral artery, 24 hours after pneu 


moencephalography. 


caucally along the descending aorta (Fig. 
23, £ and B; and 24, 4, B and C). In most 
instances, by further introduction of the 
catheter, the tip spontaneously enters the 
splenic artery; with a few rotating move- 
ments it may be made to enter the hepatic 
artery. 

The same anatomic factors explain the 
ease with which selective mesenteric arteri- 
ography (Fig. 25/7) may be performed (8 
cases). Selective renal catheterization (Fig. 
2:5) is achieved with equal ease using the 
left axillary route (18 cases). 


TECHNICAL PROBLEMS AND RESULTS 


A retrospective study of a series of 475 
examinations indicates the number of re- 
gions accessible by such a procedure. Com- 
parison of successful examinations and fail- 
ures permits evaluation which allows an an- 
ticipation of the technical difficulties which 
may be encountered, particularly at certain 
sites where arterial pathologv was an obsta- 
cle to the passage of the catheter (Table 
i11). A few of the failures via the axillary ap- 





liG. 19. Catheterization of the ascending thoracic 
aorta by the axillary approach. ATA -ascending 
thoracic aorta; [A—innominate artery; RSC— 
right subclavian artery; RVA—right vertebral 
artery; RCC—right common carotid artery; REC 


—right external carotid artery; RIC—right 
internal carotid artery; LCC—left common 
carotid artery; LEC—left external carotid artery; 
LIC—left internal carotid artery; LVA—left 
vertebral artery; LSC—left subclavian artery; 
DTA—descending thoracic aorta. (4) The right 
axillary route facilitates the procedure because of 
the favorable direction of the innominate artery, 
the emergence axis of which is almost in the pro- 
longation of the proximal aorta; the catheter has 
no sharp curves to pass. (B) When stenosis or 
tortuosity of the innominate artery prevents 
catheterization of the ascending aorta, this may be 
done by the left axillary route. 
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Fic. 21. Catheterization of the descending aorta for 
abdominal aortography and selective arteriog- 
raphy of abdominal viscera. Introduction by the 


Fic. 20. Thoracic aortography (left anterior oblique 
position) after rapid injection of 50 cc. of 85 per 
cent cardiografin in the ascending aorta by 
catheterization via right percutaneous axillary 
approach. From reader’s left to right, originating 
from the aortic arch: innominate, left common 
carotid and left subclavian arteries. Notice the 
loop formed by elongation of the left internal 
carotid artery (arrows). Clinically, this corre- 
sponded to a pulsatile mass mistaken for a cervical 
aneurysm. The right vertebral artery has a large 
caliber, while the left one is obliterated or absent. 





Fic. 22. Synthetic graft replacing a segment of the 
abdominal aorta. Injection of opaque material was 
performed after abdominal aorta catheterization 
by the left percutaneous axillary route. Marked 
stenosis of the left renal artery. Modifications of 
the right renal artery (fibromuscular rings :). 


left axillary route. CA—celiac artery; SM— 
superior mesenteric artery; RR—right renal 
artery; LR-—left renal artery; IM-—inferior 


mesenteric artery. 
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hic. 23. (4 and B) Because of their direction which 
is often almost vertical and nearly parallel to the 
aorta, the celiac and mesenteric arteries are easily 
catheterized by the descending route, rather than 
by the ascending one (Fig. 1, 4, B and C). The 
axillary approach avoids the impediments of the 
femoral route. AA—abdominal aorta; CA—celiac 
artery; LG—left gastric artery; SA—splenic 
artery; HA—hepatic artery; SM—superior mes- 
enteric artery. 
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proach were associated with previous un- 
successful attempts at catheterization of 
the femoral artery. It is to be emphasized 
that in only 3 cases (0.6 per cent) was axil- 
larv puncture abandoned because of insur- 
mountable dif£culties, although, at the on- 
set, Maneuvers were more laborious due to 
our inexperience in introducing a needle 
into this segment of the arterial system. 
One must admit that the axillary puncture, 
in comparison with the femoral, sometimes 
requires more patience and greater skill. 
Stenosis of the axillary or sucblavian ar- 
teries manifestly constitutes an obstacle to 
the axillarv approach. In certain cases of 
advanced arteriosclerosis, the right innom- 
inate artery may be elongated or looped to 
the point of impeding the passage of the 
catheter into the aorta. In other cases, sub- 
clavian or carotid and vertebral arteriog- 


lic. 24. Various examples of selective celiac 
arteriography. Percutaneous catheteriza- 
tion by the left axillary route. (7) Normal 
arteriogram. Injection of 8 cc. of 60 per cent 
renografin in 2 seconds. (B) Normal 
arteriogram. [njection of 15 cc. of 76 per 
cent renografin in 2 seconds. (C) Spread of a 
neoplasm of the pancreas to the splenic 
artery (proved at operation). Circulation 
exaggerated in the left gastricartery, towards 
the spleen. Irregularities in the wall of the 
splenic artery (arrows) bear witness to neo- 
plastic invasion. 
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abdominal 


catheterization of 
visceral arteries by percutaneous left axillary 
approach. (4) Normal selective superior mes- 
enteric arteriogram. (7) Right selective renal ar- 
terlogram. 


Fic. 25. Selective 


raphy can be obtained only by rapid direct 
injection into the right axillary artery. 
Reflux of the opaque material usually 
suffices to give satisfactory images. 

In 23 cases (5.8 per cent), manipulation 
of the catheter was definitely hindered by 
tortuosities, sharp angulation, or narrowing 
of the innominate artery or right or left sub- 
clavian arteries. In 10 instances (2.5 per 
cent), minor parietal damage resulted trom 
attempts to bvpass such areas as indicated 
bv partial extravasation of the opaque 
medium during the test injection. Follow- 
up of these patients after such failures re- 
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vealed no clinical sequelae from the minor 
trauma: 

[f the catheter has to be advanced into 
the ascending aorta or the left chambers of 
the heart and if obstacles prevent the right 
axillary approach, the left axillary route 
mav be used as a satistactory alternative 
approach. 

When the aortic arch is excessively un- 
coiled by arteriosclerotic elongation, the 
left subclavian artery often originates more 
anteriorly and to the nght,so that the cath- 
eter spontaneously enters the ascending 
aorta (Fig. 26, 7 and B). For this reason, it 
it Is necessary to reach the descending 
aorta, one must use a catheter with a mark- 
edly curved tip. On occasion, it may be nec- 
cessarv to facilitate this maneuver bv pass- 
ing a guide wire with a properly curved 
flexible tip. Fluoroscopic control is more ef- 
fective in a left anterior oblique view bv 
having the patient ti ted to the right, or 
preferably, if equipment permits (Fig. 27), 
bv directing the roenrgen-ray beam along 
an oblique plane while the patient remains 
in a comfortable supine position. In spite of 
such circumspection and technical refine- 
ments, there remains a small number of 
cases where introduction of a catheter into 
the thoracic portion of the descending aorta 
or the abdominal aorta via the left axillarv 
approach is 1mpossible. 

Fourteen different attempts at catheter- 
ization of the abdominal aorta via the left 
axillarv approach have failed because of ex- 
cessive elongation of the aortic arch. On 
each occasion, in spite of numerous modifi- 
cations made in the curvature of the cathe- 
ters and guide wire, the tubing invariablv 
entered the ascending aorta (Fig. 265). It 
should be noted, however, that we have 
succeeded in 154 similar cases when the al- 
terations of the thoracic aorta were proba- 
blv less marked. Failures were also less 
numerous after we gaired more experience. 

Because of its peculiar anatomic site, the 
left common carotid artery is seldom 
reached by catheterization through the fem- 
oral approach. The vessel is still less ac- 
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COMPARISON BETWEEN SUCCESS AND FAILURE OF PERCUTANEOUS AXILLARY ARTERY CATHETERIZATION” 


(3 vear experience) 


NO. 
of 
| Cases 


Destination of 
Catheter Tip 


Axillary 
Approach 


| Right subclavian or | 
| innominate artery | £8 


| Ascending aorta 

Kight Left heart 

(170 
cases) — | Descending thoracic aorta | 

|! Abdominal aorta : F 
Abdominal visceral artery 


Left subclavian artery 


b 
Ur 


| Ascending aorta : 
Left | © 30 
(226 | Left heart 
cae). eret 
| Descending thoracic aorta 
| Abdominal aorta 
| Abdominal visceral artery 


Total 


E 


artery. 


cessible by the left or right axillary routes. 
Vasualization of the left common carotid in 
its cervical portion is, therefore, usually pos- 
sible only by injection of opaque material 
inte the ascending thoracic aorta. Optimal 
visualization is obtained when a left ante- 
rior oblique position is emploved. For left 
carotid arteriography within the skull, one 
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These data do not include 79 cases of upper limb arteriography erformed bs 
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Failure (total: 46) 
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“irect opaque injection with a needle in the axillary 


almost always must resort to direct punc- 
ture of the left common carotid artery. 


COMPLICATIONS 


In the initial stages of the examination, 
the patient will usually complain of muscu- 
lar weakness in the hand or the whole upper 
limb, This rarely persists for more than 1 to 
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Fic. 26. Elongation and extreme uncoiling of the 
aortic arch by arteriosclerosis. Attempts to 
catheterize the descending thoracic aorta by the 
left axillary route sometimes result in a failure. 
Unless the catheter has a properly curved tip, It 
constantly hits against the lower wall of the aortic 
arch (4) and invariably goes into the ascending 
aorta (B) because of the displaced origin and ab- 
normal direction of the left subclavian artery. 
Experience and more complicated maneuvers will 
usually overcome this difficulty. 


2 hours and during a 3 vear period no cases 
of permanent motor deficit have been ob- 
served. We believe that these transient ef- 
fects are due to the local anesthetic agent 
or to the compression of the nerve branches 
either by edema or a small hematoma. 

Temporary numbness caused by irrita- 
tion or trauma of the brachial plexus and its 
branches is the rule in all cases. Usually, 
the fingers are affected in the rad:al, ulnar 
or median nerve distributions, sometimes 
the whole hand and the forearm, and rarelv 
the shoulder. Complete disappearance of 
the numbness occurs within 1 to 2 hours at- 
ter the examination. Axillary compression 
after completion of the procedure may of- 
ten produce a temporary recrudescence of 
the discomfort. Occasionally, 
numbness of one or more fingers persists. In 
20 cases (4.2 per cent) slight alteration of 
the sensation of the pulp of the fingers per- 
sisted for 24 to 48 hours. Six other patients 
(1.3 per cent) had numbness of the tip of 
one finger for a few weeks without serious 
disability and with gradual return to nor- 
malev. In 4 patients (0.8 per cent), the 
numbness was still present 1n one or many 
fingers 1 vear after the examination. 


discrete 
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In 8 cases (1.7 per cent), temporary dis- 
appearance or weakening or the brachial or 
radial pulse, probably as a result of arterial 
spasm, was observed for a few hours follow- 
ing axillary catheterization. 

In 8 patients (1.7 per cent), the pulse 
was permanently absent and 3 of these (0.6 
per cent) required axillary thrombectomy. 
The remaining § patients (I.I per cent), 
presumably because of a well established 
collateral circulation, did not require sur- 


gery. 


—- 





lic. 27. Unit of vascular and cardiac catheteriza- 
tion as conceived at the Hótel-Dieu Hospital of 
Montreal ("Saturn" apparatus). Televised radios- 
copy and radiocinematography may be performed 
in any plane, without having to modify the posi- 
tioning of the patient during the examination. The 
roentgen-ray tube is placed at one extremity of a 
mobile arm shaped as a “C.” At the opposite ex- 
tremity are suspended the amplifier, videocamera 
and cinecamera (35 mm.). This complex can be 
moved in orbit or straight line in all planes around 
the table, by remote control. The transparent 
table top, at the level of abdomen, thorax and 
head, has no metal frame which may obstruct 
rays. Movements of the apparatus are controlled 
by an aseptic and removable push button panel, 
convenient to the operator. Television picture is 
recorded on video tape. 
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To minimize the risk of spasm or throm- 
bosis, we usually inject a vasodilator bv the 
iatraąamuscular route prior to examination. 
Upon completion of the procedure, the 
same drug is slowly administered through 
the catheter just before its withdrawal. In 
this fashion, the injection is made a few 
centimeters proximal to the site of the 
puncture. All of the tubing used for these 
investigations has been coated with sili- 
cone. 

Smail hematomas and ecchvmosis of the 
axilla, extending to the inner aspect of the 
arm, are frequently seen after percutaneous 
arterv catheterization, but these are of no 
significance. Seven cases (1.5 per cent) were 
complicated by a larger hematoma, one of 
which (0.2 per cent) necessitated surgical 
órainage after suture of the small arterial 
puncture. 





SUMMARY 


In a series of 3,476 vascular studies per- 
rormec over a period of 3 vears, the author 
has employed percutaneous arterial cathe- 
terization in 1,149. Many of these cases 
were Investigated by the femoral approach. 
When the femoral route failed or was im- 
practical, percutaneous brachial or radial 
catheterization was sometimes attempted, 
but the results again were usually mediocre 
and the complications frequent. 

To overcome these difficulties the author 
aas adopted a new approach; że., percuta- 
wus puncture and catheterization of the 
axillary artery. Over a period of 3 years, 
275 axillary artery punctures were per- 
'ormed, 79 of which were for opacification 
of the arteries of the upper limb bv direct 
injection and 396 for introduction of a cath- 
theter for various tvpes of selective arteri- 
ography. 

The technique is briefly described and its 
applications enumerated. The limitations 
and specific obstacles to the use of the pro- 
cedure are considered. A review of the ma- 
terial revealed the sites where certain arte- 
rial changes prevented the passage of the 
catheter in 46 cases (11.6 per cent). The in- 
frequent complications of the method are 
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listed and certain difficulties of the exami- 
nation which have become evident during 
the author's personal experience are dis- 
cussed. 
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ETROGRADE injection of contrast 
material into the brachial artery has 
been practiced in this institution for ap- 
proximately 5 years. This procedure has 
been used primarily for roentgenographic 
evaluation and visualization of the intra- 
cranial vessels and, to a lesser extent, for 
the cervical carotid and vertebral arteries. 
Originally, the open cannula method first 
reported by Castellanos and Pereiras in 
F9:9 was used exclusively.^!"!! Since the 
int-oduction of the percutaneous method of 
arterial injection several vears ago, this 
method has been employed in an increasing 
number of cases for visualization of the ver- 
tebral-basilar artery system on the left and 
the carotid and vertebral-basilar systems 
on the right side. At the present time, the 
open cannula method has been almost 
completely replaced except for small 
children. 

The advantages of the percutaneous 
method are several. An initial operative 
procedure with its attendant, although 
mraimal, anesthesia risk is avoided. An op- 
erating room and nurse assistance is not 
needed. The time required for the entire 
procedure is considerablv reduced and the 
brachial artery is traumatized to a lesser 
degree. In addition, an operative closure of 
the vessel following the procedure is elimi- 
naced. The combination of right percuta- 
neous brachial and leftcarotidarteriography 
at one sitting provides an almost complete 
er global angiogram, visualizing the bilat- 
erel carotid, right vertebral, and basilar 
systems. True 4 vessel arteriography may 
be accomplished also at one sitting by use 
of bilateral percutaneous brachial and left 
carotid arteriography. 


METHOD 


The necessary equipment consists of the 
usual angiographic trav, a No. 17 gauge 
thin-wall Cournand arterial needle, and a 
suitable automatic pressure injection ma- 
chine. Usuallv, the pulse of the brachial ar- 
tery is easily palpable in the antecubital 
fossa, even in rather obese patients. It has 
been a rare occurrence to be unable to per- 
form the study because of inability to pal- 
pate the arterv. During this consecutive 
series, m only 4 instances were attempts to 
puncture the brachial artery unsuccessful. 
(These were excluded from the series.) In 
one other case, puncture of the vessel was 
accomplished, but the return flow was un- 
satisfactory and the injection was not 
made. A successful puncture was done at 
the same site at a later time. 

The procedure 1s performed under local 
anesthesia. Preoperative sedation consists 
of an appropriate barbiturate and atropine, 
usually combined with prochlorperazine. 
The arm to be injected is abducted and hy- 
perextended at the elbow and supported in 
an appropriate manner. A small amount of 
local anesthetic is usually injected around 
the brachial artery as well as in the skin. 
The brachial artery is punctured at its most 
prominent point, in the upper one-half of 
the antecubital fossa over the prominence 
of the brachialis muscle. At this point the 
median nerve lies on the ulnar side of the 
vessel (Fig. 1 and 2 ). The needle is care- 
fully threaded its entire length into the ar- 
tery 1n a retrograde direction. Great care 
must be taken to avoid disruption of the in- 
tima or passage of the tip of the needle into 
à branch. A sphvgmomanometer cuff is 
wrapped on the forearm and inflated to 300 


* From the Departments of Neurosurgery f anc Radiology,t Temple University Medical Center, Philadelphia, Pennsylvania. 
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Fic. 1. The position of the brachial artery (solid 
line) is shown in relation to the median nerve 
(dotted line) as these structures enter the ante- 


cubital fossa. The sphygmomanometer cuff is seen 
in place on the forearm. 


mm. mercury prior to the injection. Vascu- 
lar compression by the cuff probably re- 
duces the loss of contrast material distally, 
and prevents flooding of the hand!with con- 
trast material, which can be paintul. Injec- 
tion of approximately 45-50 cc. of 60 per 
cent renografin (30-35 cc. in children) 1s 
made utilizing the Taveras Automatic In- 
jector at 425-625 lb./sq. inch pressure. The 
duration of injection is about 2 seconds. 
The operator should place the fingers of 
the left hand over the vessel above the 
needle during the injection in order to de- 
tect extravasation. The injection should be 
made only if arterial pulsation 1s noted in 
the connecting tube indicating that the 
needle still is within the lumen of the artery 
(Fig. 3). If extravasation is noted, the 
needle should be immediately and quickly 
removed to avoid vascular injury by sub- 
intimal injection of large amounts of con- 
trast material. Starting during the injec- 
tion, serial films are then exposed to ob- 
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tain complete arterial and venous phases 
in the anteroposterior and lateral projec- 
tions simultaneously. 

The roentgenographic technique used for 
recording cerebral arteriography is essen- 
tially unchanged since our previous re- 
ports.?! 9 The Chamberlain biplane ster- 
eoscopic angiographic device is still being 
emploved. This device provides rapid serial 
roentgenography in two planes. Motion of 
the tubes occurs between exposures for 
stereoscopy and each film of the series is a 
stereoscopic mate with its adjacent film. 

Stereoscopy has distinct advantages over 
the ordinary methods for evaluation of ves- 
sel location and spatial relationships of ves- 
sels within the skull. In addition, the ad- 
vantages of simultaneous biplane filming 
are readily recognized. Spasm or faulty in- 
jection can cause dissimilar filling on re- 
peated injections, and accurate localization 
and correlation between anteroposterior 





Cournand 
needle is shown in place after puncture of the 
brachial artery. The solid occluding stylet has 
been inserted. 


Fic. 2. The No. 17 gauge thin wall 
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and lateral projections mav not be possible 
if multiple injections are needed. 

[n addition, the amount of contrast ma- 
terial needed for complete cerebral vascu- 
lar evaluation is markedly reduced by the 
single injection technique. If 2 consecutive 
injections must be m: a the connecting 
tubing should be disconnected at the needle 
and the solid stvlet inserted to prevent 
clotting in the needle until reloading of the 
injection syringe can be accomplished. 

As the needle is withdrawn, digital com- 
pression 1s made by the operator over the 
site of puncture for a full § minutes. Suffi- 
cient pressure 1s exerted to prevent hema- 
tema formation, but not enough to oblit- 
erate the radial pulse. An ice bag is placed 
on the area for about 6 hours and frequent 


checks are made of vital signs, the area of 


purcture, and the arm for signs of hemor- 
rhaze or ischemia during the first day fol- 
lowing the procedure. 

In this series, 124 percutaneous brachial 
angiographies performed in 117 patients 
were reviewed. Of this group, 109 were 
right brachial injections; 68 of these were 
combined with left carotid arteriography at 
the same sitting. Left percutaneous bra- 
chial injection was performed in 15 cases. 
Contrast material reached the intracranial 
circulation in all cases of the left brachial 
injection, whereas in 4 instances with right 
brachial injection, no contrast material 
was identified in the neck or head, despite 
tecanically good injections and lack of clin- 
ical evidence of vascular occlusion. In one 
other case there was complete lack of filling 


TABLE I 


QUALITY OF VISUALIZATION OF MAJOR ARTERIES 
IN IOS RIGHT BRACHIAL ARTERIOGRAMS 


Carotid Vertebral Basilar 
Artery Artery Artery 
Good 98 (93%) 104(99%) 82(79%) 
Usable* 2( 2%) — 11 (10%) 
Unsatis- 
factory ** E $95) I (. 1%) 12 (11%) 





* Visualization variable, but sufficient to trace the course of the 
vessel and for gross lesions. 
** Visualization absent or not sufficient for interpretation, 
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Fic. 3. The power injector (Taveras) is shown con- 
nected t» the needle by the high pressure tubing. 
The pulsating reflux of blood can be seen by the 
operato- in the tubing adjacent to the needle, 
indicati- z satisfactory placement of the needle. 


of the ca-otid artery while the vertebral ar- 
tery was well visualized. There was no clin- 
ical evicence of vascular occlusion in this 
patient. The absence of contrast in these 
cases 1s t ought to be due to congenital var- 
iation in the origin of the subclavian artery. 
RESULTS 

In ics right brachial angiograms in 
which centrast was identified in the neck or 
above, tiere was good visualization of the 
carotid cxtery and branches in 98 cases (93 
per cent. In 2 cases (2 per cent) the major 
vessels only could be trace d, and in § Cases 
(5 per cent) visualization was unsatisfac- 
tory. In 120 right and left brachial injec- 
tions, the vertebral artery was well visual- 
ized in 119 cases (gg per cent). In 105 right 
brachial injections, the basilar artery and 
branches were well visualized in 82 cases 
(79 per cent)(Table 1). Opacification of the 
basilar artery was variable but sufficient to 
trace the vessel in 11 cases (10 per cent), 
and unsatisfactory 1n 12 cases (11 per cent). 
[In 15 let brachial injections, the basilar ar- 
tery and branches were well visualized in 13 
(87 per cent), variable in I case, and 
unsatisfactory in I case (this patient later 
proved -o have occlusion of the basilar ar- 
tery at iutopsv). 

It was found that visualization of the 
posteric- cerebral arteries and other 
branches paralleled the adequacy of visual- 
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VISUALIZATION OF THE POSTERIOR CEREBRAL ARTERIES IN 120 RIGHT AND LEFT BRACHIAL ARTERIOGRAMS 





Posterior Cerebral Arteries Seen 


Qu al i t y G f EXERCERE ME —— — — ————— 


Basilar Artery Bot] Left Right 
30tn On] y Only 
Good 73 2 4 
(61% (2%) (3%) 
Usable 5 I 
(4% aii (1%) 
Unsatisfactory 1 
(1%) a un 


ization of the basilar arterv. There was no 
apparent selectivity of filling of the poste- 
rior cerebral arteries from either side, both 
sides being filled in about two-thirds of 
cases (Table 1). 

There was opacification of the lett carot- 


Taste HI 


LESIONS REVEALED BY BRACHIAL ARTERIOGRAPHY 
IN 120 PATIENTS 


Cerebral Aneurysms-—27 
Anterior communicating 6 
Anterior cerebral 2 
Middle cerebral 2 
Posterior communicating 10 
Basilar artery 4 
Vertebral artery I 
Multiple 2 


Arteriovenous Malformations-—2 
Supratentorial I 
Infratentorial 1 
Vascular Occlusive Disease—19 
Occlusion of carotid artery, extracranial 3 
Occlusion of basilar artery i 
Vessel irregularity or partial block* 15 
Space Taking Lestons—12 


Supratentorial 


Tumor 4 
Cerebral edema 1 
Subdural hematoma " 
Intracerebral hematoma 2 
Infratentorial tumor 2 
Spinal Lesions—1 
Neurofibroma 1 


* Vessel changes in regularity or caliber interpreted to be on an 
arteriosclerotic basis. 
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id vessels intracranially from below in 15 
(14 per cent) of the right brachial studies. 

Brachial arteriography was performed 47 
times in 42 patients with spontaneous sub- 
arachnoid hemorrhage. Of these studies, 31 
(66 per cent) were combined right brachial 
and left carotid arteriography. A diagnosis 
of aneurysm was made in 27 of these pa- 
tients (Table m1). Two patients were found 
to have arteriovenous malformations which 
had not bled. 

Vascular occlusions were found in 4 pa- 
tients, and vessel irregularities compatible 
with arteriosclerosis were found in 13 pa- 
tients. 

Twenty studies were performed in pa- 
tients with clinical diagnoses of posterior 
fossa lesions other than vascular lesions. Of 
these studies, 8 were done with the clinical 
diagnosis of suspected cerebello-pontine- 
angle (CPA) lesion. In this total group, 
2 patients were later found to have CPA tu- 
mors—neither was diagnosed by the angi- 
ogram. Two other patients were found to 
have cerebellar neoplasms which were sus- 
pected by angiographic findings (1 only in 
retrospect). 

Supratentorial space taking lesions were 
diagnosed in 10 patients in this series—4 
tumors, I cerebral edema, 3 subdural hema- 
tomas, and 2 intracerebral hematomas. 

A defect due to a neurofibroma of the 
sixth cervical nerve root was demonstrated 
on a left brachial angiogram. 

Four patients had bilateral brachial in- 
jections and 3 patients had repeat brachial 
injections during the same hospitalization. 
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One of these patients had bilateral brachial 
arteriography for diagnosis and evaluation 
of a vertebral artery aneurvsm; after clip- 
ping of the vertebral artery intracranially 
below the aneurysm, repeat left brachial ar- 
teriography was performed and revealed 
nonfilling of the aneurysm. 
MORBIDITY AND MORTALITY 

There was a remarkable lack of 1mmedi- 
ate effects from this procedure. The dis- 
comfort on injection is perhaps slightly 
greater than that experienced during ca- 


rotid arteriography, but the puncture of 


the vessel and subsequent discomfort are 


much less distressing than with the carotid 


procedure. 
One death occurred 10 hours following 


ryt 


right brachial arteriography. This patient 
had beer admitted in a stuporous condition 
with the clinical diagnosis of hypertension 
with severe cerebrovascular hemorrhage. 
The angiogram showed no evidence of a 
space-taxing lesion. Autopsy revealed a 1.5 
cm. hematoma in the right basal ganglia, 
intraventricular hemorrhage, and an area 
of hemorrhage in the pons measuring 2.0 
cm. It was considered that the arteriogra- 
phy had no direct causative effect in the 
mortality. 

There was no incidence of focal motor 
weakness. One patient had a brief left sided 
focal seizure. 

There were miscellaneous reactions: 1 pa- 
tient had a severe spasm of coughing fol- 
lowing tie injection, 2 patients manifested 
transient neurogenic shock upon puncture 
of the artery, 1 patient developed a tran- 
sient urticarial reaction on the face immedi- 
ately after the injection, and 1 patient de- 
veloped a body rash 1 day following the 
study, which gradually subsided with anti- 
histamine treatment. 

Nlorb:ditv of a local nature was minimal. 
One patient manifested slight numbness 
and tingling in the right thumb following a 
right brachial injection. This numbness 
subsided within a few days. The postpro- 
cedure course of 114 patients was reviewed. 
There were no specific remarks concerning 
pain in the arm, hematoma, or signs of is- 
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chemia in 62 cases. In 4$ cases records 
specifically showed that these complica- 
tions were absent. Significant pain at the 
site of puncture was present in only 2 pa- 
tients and was caused bv an extravasation 
of contrast material. Significant hematoma 
formation occurred in only 2 cases. Pain or 
coldness in the forearm was noted in 3 
cases; in onlv 1 of these were the symptoms 
persistent at the time of discharge. This 
latter patent was the only case in which 
there was a loss of the radial pulse with no 
return. In 38 cases the radial pulse was re- 
corded as being intact following the pro- 
cedure. In 71 other cases no note was made 
about the presence or absence of pulse; 
however, the unrecorded observations of 
the staff have been that few, if anv, patients 
have had reduction or loss of the pulse. 
Total extravasation of the contrast ma- 
terial occurred in 1 case with subsequent 
redness and slight swelling in the upper 
vascular embarrassment or other problems 
in that extremity. Partial extravasation 
occurred in t other case, with no effect on 
the radial pulse or subsequent disability. 
DISCUSSION 

It is our purpose to review our experi- 
ence with percutaneous retrograde brachial 
arteriography and to recommend early, 
complete (global) intracranial vascular vis- 
ualization in patients manifesting sponta- 
neous subarachnoid hemorrhage. We be. 
lieve, with many others, that arteriography 
is indicated to establish a diagnosis in these 
cases as early as is practicable or when the 
patient's condition is clinically stable. This 
may vary from 2 hours to $ davs—gener- 
ally 24 to 72 hours. 

Prior to the use of retrograde brachial in- 
jection, cases manifesting subarachnoid 
hemorrhage have been studied by means of 
bilateral carotid arteriography. In occa- 
sional cases with presenting signs or symp- 
toms suggesting a posterior fossa lesion, vis- 
ualization of the vertebral-basilar system 
has been accomplished by direct vertebral 
arteriography. Percutaneous vertebral ar- 
tery puncture 1s not only difficult but gen- 
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erally very painful. It has been estimated 
that only 70-80 per cent are successful, 
even in experienced hands. The procedure 
has many inherent hazards imposed by the 
normal anatomy. The open retrograde bra- 
chial injection by cannula, and vessel injec- 
tion by catheter techniques are relatively 
time consuming compared to the percuta- 
neous technique, although they may be 
necessary 1f percutaneous puncture and in- 
jection cannot be performed for some 
reason. 

The availability of reliable automatic 
power injection machines has made possi- 
ble the use of the relatively small bore nee- 
dles which are required 1n order to accom- 
plish an easy and nontraumatic percutane- 
ous puncture of the brachial artery. It pre- 
viouslv has not been possible to inject bv 
hand power a bolus of contrast material 
through such a small bore needle in the 
short period of time (about 15 to 5 seconds) 
necessarv to provide retrograde filling of 
the subclavian and innominate arteries suf- 
ficient to adequatelv All the intracranial 
vessels. It has been possible in our experi- 
ence to accomplish the goal of almost com- 
plete intracranial arteriography (excepting 
left vertebral) by means of two needle 
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punctures (right brachial and left carotid) 
in a total time of 20 to 30 minutes. 
ILLUSTRATIVE CASES 
The tollowing cases illustrate the use of 
this technique. 


Case 1. L.A., a 46 year old chronic hyper- 
tensive female, was admitted with spontaneous 
subarachnoid hemorrhage manifesting no focal 
neurologic signs. Righ- brachial and left carotid 
angiograms showed b lateral aneurysms in the 
right anterior cerebra , right and left posterior 
communicating and left posterior cerebral 
artery (Fig. 4, 4 and B; and 5, 4 and B). Post- 
mortem examination later revealed a total of 7 
aneurvsms. 


Comment. This case re-emphasizes the 
well known possible multiplicity of aneu- 
rvsms. 


Case 1r. A. W., a 46 year old female, was 
admitted with a second subarachnoid hemor- 
rhage, exhibiting no localizing signs. Right 
brachial and left carotid arteriography was 
was performed revealing an aneurysm of the 
basilar artery bifurcation. This patient was dis- 
charged without surgical treatment and was 
shortly thereafter reacmitted with a third and 
fatal hemorrhage (Fig. 6, .7 and B). 


Comment. This case demonstrates how 





Fic. 4. Case t. (4) Anteroposterior projection of the arterial phase of right retrograde brachial arteriography 
shows aneurvsms of the right posterior communicating artery, right anterior cerebral artery and left 
posterior cerebral artery. (B) Simultaneous lateral projection shows similar findings. 
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Fi m 5. Case [. 


(4) Anteroposterior projection of left carotid artermgraphy shows a sma 





| aneurysm of the 


left posterior communicating artery. (B) Simultaneous lateral projection again shows the aneurysm. 


the basilar artery aneurvsms mav bleed and 
not produce suggestive localizing signs. As 
more of these lesions are found, perhaps 
methods of direct management will be per- 
tected. 


Case 1I. L. W., a go year old female, was 


LI 


4 


* 


^ 


admitted with spontaneous subarachnoid hem- 
orrhage and transient weakness of the left side. 
Bilateral brachial and left carotid arteriography 
revealed a large aneurysm of the right vertebral 
artery just above the posterior inferior cere- 
bellar artery (Fig. 7, 4 and B; and 8, 4 and B). 
A suboccipital craniotomy was performed and 





lic. 6. Case n. (4) Anteroposterior and (B) lateral views showing the arterial phase of right retrograde 
brachial arteriography. A saccular aneurysm can be seen at the top of the basilar artery. 
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Fic. 7. Case rir, Simultaneous (4) anteroposterior and (B) lateral views of the arterial phase of right retro- 
grade brachial arteriography show a large aneurysm of the right vertebral artery just above the origin of 


the posterior inferior cerebellar artery. 


the right vertebral artery was clipped below the 
aneurysm. The patient has done well post- 
operatively. 


Comment. This case demonstrates the 
diagnosis and evaluation of a posterior 





Fic. 8. Case ur. (4 and B) Left retrograde brachial arteriograms show no retrograde filling of 
the aneurysm of the right vertebral artery. 


fossa aneurvsm bv bilateral brachial arte- 
riography and the surgical treatment of the 
lesion. 

Case Iv. J.S., a 4c year old male, was re- 
admitted for evaluation of recurrent headaches. 
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Fic. 9. Case iv. (4) Anteroposterior view shows irregular angiomatous vessels arising from the right posterior 
cerebral artery. (5) The lateral view shows these same vessels in the region of the quadrigeminal plate with 
shunting of opacified blood into the vein of Galen and early filling of the straight sinus. 


This patient was studied 2 years previously for 
spontaneous subarachnoid hemorrhage asso- 
ciated with nystagmus, paralysis of upward 
gaze, and loss of pain and temperature sensa- 
tion in the left arm and face. An open right 
brachial arteriography was performed at that 
time using multiple injections and single 
roentgenographic films. A questionable abnor- 
mality was noted above the region of the basilar 
artery but no definite diagnosis could be estab- 
lished angiographically. Because of increasing 
headaches, the patient was restudied by means 
of percutaneous right brachial arteriography. 
This revealed an arteriovenous malformation in 
the region of the quadrigeminal plate (Fig. 9, 


A and B). 


Comment. Of interest in this case is the 
fact that the percutaneous studv was easilv 
performed in the same extremity where the 
open brachial study had been done previ- 
ously. The value of the serial biplane ster- 
eoscopic studies was readilv evident. 


CONCLUSIONS 


Percutaneous retrograde brachial arteri- 
ography has provided us with a reliable, 
sate method for the rapid and complete 


evaluation of the right carotid as well as the 
posterior fossa circulation. When right bra- 
chial injection is combined with percuta- 
neous left carotid arteriography, almost 
complete intracranial vascular visualiza- 
tion is obtained. In this way, it 1s possible 
to quickly establish a diagnosis in cases of 
subarachnoid hemorrhage with a minimum 
of stress to the patient. The desirability of 
complete vascular study in cases of spon- 
taneous subarachnoid hemorrhage is ob- 
vious. Multiple berry aneurvsms are not 
infrequent, and the pattern of vascular sup- 
ply is necessary knowledge 1f surgical treat- 
ment 1s undertaken in cases with arterio- 
venous malformation. Note should be made 
of the rather high incidence of aneurysms 
in the posterior fossa circulation in this 
group of patients studied for subarachnoid 
hemorrhage (15 per cent of aneurysms 
found). Percutaneous brachial arteriog- 
raphy is more easily performed than the 
open procedure, and may be accomplished 
in less than one-third the time. Visualiza- 
tion is comparable by either technique, al- 
though the percutaneous method mav have 
a slight advantage of greater reliability in 
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obtaining satisfactory studies. A lesser in- 
cidence (14 per cent) of cross filling of the 
left carotid artery occurred with right bra- 
chial injection in this group when compared 
with that previously reported (over 20 per 
cent) in the open technique series." This is 
explained by the larger number of children 
included in the open series. Only 4 children 
were in the present series (ages 7—9 years), 
whereas there were 15 children (ages 10 or 
less) in the open series. 

In cases where extensive arterial disease 
Is present, the danger of complications at- 
tending direct carotid puncture are much 
increased. The use of right brachial injec- 
tion obviates the necessity of direct punc- 
ture on that side. Brachial arteriography is 
preferable in patients who have mass 
lesions in the neck and in patients with 
tracheostomy. 

Because of the number of studies in 
which there was unsatisfactory visualiza- 
tion of vessels—in particular the basilar 
artery—correlation was made with the 
clinical picture in order to attempt to deter- 
mine whether this relative lack of filling 
was significant. In 5 cases of unsatisfactory 
visualization of the carotid artery, there 
was clinical evidence to suspect severe 
vessel disease in 3 cases. In the 1 case of 
unsatisfactory visualization of the vertebral 
artery, there were no referable clinical 
signs or symptoms. In 12 cases of unsatis- 
factory visualization of the basilar artery, 
only 3 cases manifested symptoms refer- 
able to disease of this vessel. In 8 cases, 
there were no symptoms suggestive of basi- 
lar artery disease; 1 case was doubtful. 
These data suggest that poor visualization 
of the vertebral or carotid arteries should 
be considered to be more significant than 
poor visualization of the basilar artery. The 
latter could be explained on a technical 
basis due to variations in mixture of con- 
trast material and rate of flow from the 
opposite vertebral artery. Included in those 
cases in which there was unsatisfactory 
visualization of the basilar artery were 3 
cases in which excellent filling of the verte- 
bral and posterior inferior cerebellar (PIC) 
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artery was obtained, but no contrast 
material was seen in the vertebral or basilar 
artery above the PIC artery. In none.iof 
these were there symptoms to suggest 
vascular insufficienzy in this region. Mor- 
ris? has previously reported a group of 
patients showing this abnormality in which 
hypogenesis of the vertebral artery ("non- 
union of the verteb-al arteries") exists due 
to failure of development of junction with 
the opposite vertebral artery. The basilar 
artery 1s supplied by the other, larger, 
vertebral artery. 

One other case was encountered sub- 
sequently with this angiographic finding 
which came to surgical exploration because 
of pneumoencephalographic evidence of a 
cerebello-pontine-angle mass lesion. A large 
clotted aneurysm was found arising from 
the vertebral artery at the level of the PIC 
artery. 

As described previously,! proper posi- 
tioning will allow visualization of the cervi- 
cal portions of the right carotid and verte- 
bral arteries. Opacification of the proximal 
innominate and left subclavian arteries has 
been variable due to mixture with larger 
volumes of unopacified blood. 

Although the diagnosis of posterior fossa 
space-taking lesions is difficult by arteri- 
ography and certainly less reliable than 
air study, its use should be encouraged, 
particularly where stereoscopy is available. 
As technique and ability to interpret these 
studies inevitably will improve, it may be 
possible to establish firm enough diagnoses 
by arteriography to allow us to avoid the 
more dangerous air study as we now do in 
many cases of supratentorial lesions. 


SUMMARY 


1. Percutaneous retrograde brachial ar- 
teriography, a nonoperative, noncatheter 
technique, has been demonstrated to be a 
rapid, safe, reliable, relatively nontrau- 
matic procedure for positive contrast vis- 
ualization of the intracranial and cervical 
vasculature. 

2. Specific emphasis is placed on the 
routine use of combined right brachial and 
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left carotid arteriography in the patient 
with spontaneous subarachnoid hemor- 
rhage. Complete intracranial vascular vis- 
uabzation is considered necessary in these 
cases. A rather high incidence of posterior 
fossa aneurvsms has been found in this 
series. 

3. The usefulness of percutaneous retro- 
grade brachial arteriography in the investi- 
garien of vascular occlusive disease and 
suoratentorial space taking lesion has been 
pcinced out. 

4. Correlation of clinical and arterio- 
graphic findings has demonstrated that 


branches is more likely to be on a technical 
besis and not as clinically significant as 
peor opacification in the carotid system. 

g. Increased use of brachial arteriog- 
rephy in the diagnosis of posterior fossa 
space taking lesions is urged. 
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Robert M. Baird, M.D. 
US Naval Hospital 

17th and Pattison Avenue 
Pailadelphia, Pennsylvania 
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GUIDED ANGIOGRAPHY* 


By MANUEL VIAMONTE, Jr., M.D.,+ and ROBERT C. STEVENS? 


MIAMI, FLORIDA 


SELECTIVE vascular catheterization 


followed by rapid delivery of the largest 
possible concentration of radiopaque ma- 
terial is the ideal method for optimal visu- 
alization of any vascular territory. Since 
1962, we have developed instrumentation 
which facilitates cardiac and vascular cath- 





Fic. 1. Room for vascular studies: biplane cine unit 
(two 9 inch Picker image intensifiers) with tele- 
vision monitor; roll film changer; rotating cradle; 
recording device; DC defibrillator; apparatus for 
external cardiac massage; automatic pressure in- 
Jector; home-made movable lead barriers. 





Fic, 5. 


diaphragm-valve unit. 


Two-piece cannula, plastic-coated guide 
housed in a hollow, transparent guide receiver, and 


eterization techniques. We have called 
this new approach "guided angiography.” 
TECHNIQUE 


(1) A special two-piece cannula is used to 
puncture the vessel. It consists of an inner 
perforating, solid trocar and an outer cvl- 





Fig. 2. Instrumentation for catheterization studies. 





hic. 4. Diaphragm-valve unit attached to cannula. 
The guide has been advanced. 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 
October 2, 1964. A Scientific Exhibit on the same subject was awarded The Gold Medal of the Society. 

l'rom the Department of Radiology, University of Miami School of Medicine, Jackson Memorial Hospital, Miami, Florida. 

Work supported in part by grants from the Broward County Heart Association (Florida). 

f Associate Professor of Radiology. Work conducted while Scholar of the James Picker Foundation. 
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liG. §. Special catheter with deflector-rotator 
assembly. 





liG. 6. Deflector-rotator assembly attached 
to the catheter. 


CANNULA HEMOSTASI 
INSERTION OF GUIDE 
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AND MECHANICAL HEMOSTASIS 


SE INTRODUCTION OF CATHETER 
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WITHDRAWAL OF GUIDE AND 
FLUSHING OF CATHETER 





lic. 7. Diagrammatic representation of controllable | 
tip deflection. The metallic stylet straightens the , INSERTION OF METALLIC 
distal curve of the catheter when advanced and 


a) I DEFLECTOR 
the curve re-forms when the stylet is retracted. it ai pac aa 





liG. 8. Diferent steps in the percutaneous catheter- 
ization technique for guided angiography. 


ty 
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Fic. 9. (4 and B) Selective left coronary arteriography. (4) Magnification technique. Note complete occlu- 
sion at the origin of the anterior descending division of the left coronary artery and arteriosclerotic narrow- 
ings of the circumflex (arrows). B was made by using the film changer. Note extensive arteriosclerotic 


changes and homocollateral circulation (arrows). 





Fic. 10. 
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Fac. 11. (4 and B) Pulmonary angiograms. (4) Diffuse emphysematous changes with area in the left upper 
lobe showing no vascular markings. (B) Selective pulmonary arteriogram showing the characteristic 
"winter-tree" pattern of diffuse pulmonary emphysema. Unexpected, numerous vessels are noted in the 
left upper lobe. The peripheral ischemia of the left upper lobe is due to the presence of a large bulla arising 


from the superior segment of the left lower lobe. 


indrical, blunt cannula. Immediate hemo- 
stasis 1s accomplished by pressing a button 
that obturates the inner cannula. (2) A 
plastic-coated guide, housed in (3) a hollow, 
rans parent guide receiver is inserted through 
the cannula. When the guide fits loosely in 
the cannula, (4) a diaphragm-valve unit 
which impedes blood loss during advance- 
ment of the guide is attached to the cannula. 
This diaphragm-valve unit has a side outlet 
which permits withdrawal of blood, flush- 
ing, and infusion of opaque medium with- 
out removing the guide. If there is imped- 
ance to the advancement of the guide, 
the anatomy of the catheterized vessel can 
be determined by the injection of contrast 
material. 

After insertion of the guide, the cannula 
is withdrawn and (5) a special catheter is 
advanced over the guide. During this ma- 
neuver, (6) a mechanical compressor is em- 
ployed to secure hemostasis. These special 
catheters have a soft, flexible, tapered, rad- 
opaque tip, a relatively semirigid body 
which permits maximum rotational ability 


without "whipping," and a tip with a wide 
range of controllable deflection. The cathe- 
ters have two preformed curves. The distal 
(primary) one is hook-shaped; the proximal 
(secondary) one is broadarched. Interplay 
between the two curves adapts the catheter 
to vessels of different sizes. The catheters 
vary in length and caliber; both are impor- 
tant factors which influence the fow-rate of 
contrast medium.’ 

Following the introduction of the cathe- 
ter, the guide is withdrawn and the cathe- 
ter is flushed with heparinized solution. (7) 
A deflector-rotator assembly is then attached. 
A metallic stylet of the assembly straight- 
ens the distal curve of the catheter when 
advanced and the curve re-forms when the 
stylet is retracted.! When the catheter tip 
is in the desired vessel, the metallic deflec- 
tor can be withdrawn or left in place. 
There are two outlets in the external por- 
tion of the deflector assembly. (8) A modi- 


fied one-way valve is attached to one of the 


outlets. One outlet permits continuous 
monitoring of pressure and infusion of par- 
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Fic. 12. (4-D) Bronchial arteriograms. Unresolved pneumonia in the right lower lobe. Note marked dilata- 
tion of the right bronchial arteries and opacification of the right lower branch of the pulmonary artery 
which fills from below and empties from above (arrow). This is due to reversal of flow in the pulmonary 
artery from precapillary anastomosis between the bronchial artery and the pulmonary artery. 





IG. 13. (4 and B) Pancreatic carcinoma. (4) Widening of the duodenal loop without invasion. (B) Simul- 
taneous celiac and superior mesenteric angiogram showing displacement of vessels and fine peripheral 
tumor vessels (arrows). 





“1G. 14. (4 and B) Regional enteritis, (7) Extensive small bowel changes, fistulous tracts (arrow) and mass 
displacing ileal loops. (B) Slight ileal hypervascularity. Compression of ileal vessels (arrows) from mesen- 
teric mass which proved to be an abscess. 
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Fic. 15. (4 and B) Malignant carcinoid. (4) Extensive small bowel changes simulazing regional enteritis. ( 5) 
Selective superior mesenteric arteriogram showing ileal tumor vascularity (arrows). Edematous folds were 
secondary to lymphatic obstruction from a malignant carciroid arising from the terminal ileum. 


^» À | adc 
m f Ps , 


4 


$ 


Nov. 13,1363 





€ Nov 2,1962. " 5 


Fic. 16. (4 and B) Diffuse ulcerative colitis. (7) Barium enema study showing extensive ulcerative colitis. 
(B) Barium enema study 1 year later showing “carcinoma-like involvement” of the descending colon 


(arrows). 
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1G. 17. (4 and B) Same case as in Figure 15. Selective inferior mesenteric arteriographic study. Note lack of 
vessels to the descending colon in the area of the lesion. 


snteral solutions. The other enables injec- 
tion of radiopaque contrast media manually 
r automatically at variable pressures. 

The patient lies comfortably on (9) a 
iiptorized remotely controlled rotating cradle 
which is readily adaptable to any fluoro- 
scopic table. A similar cradle has been de- 
‘eloped by Siemens-Reiniger Werke. It per- 
nits rotation of the patient from o to gO de- 


259 


FIG. 18. Same case as in Figures 15 and 16. Barium 
enema study prior to surgery. The localized lesion 
las disappeared. This is an example of pseudo- 





umor, probable reversible vascular occlusion. a _ Nov. 25,1963 
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Fic. 19. (4 and B) Selective right renal arteriograms. Diffuse renal carcinoma showing 
characteristic tumor vessels. 


grees to either side at variable speeds any 
time during the procedure. With this mo- 
bile cradle, the fluoroscopic positioning of 
the catheter is facilitated and filming can be 
done during rotation of the patient. 

Figures 1 through 22 illustrate the de- 
scribed technique and applications. 
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lic. 20. Direct portography. Examination done fol- 
lowing side-to-side portocaval shunt. Injection 
performed in the portal vein (straight arrow). 
Note predominant retrograde flow into the in ferior 
vena cava (broken arrow). P=portal vein; 
[VC 2 inferior vena cava. 
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Fıs. 21. Bladder carcinoma. (4) Cystogram suggest- 
ing “extrinsic defect" in dome of bladder. (B) Bi- 
lateral hypogastric arteriographic study with 
carbon dioxide insufflation of the bladder showing 
an “iceberg” tumor with invasion of the bladder 
wall (arrows). 


SUMMARY 


A technique called “guided angiography" 
is reported. It has been found to be of use 
1n morphologic and hemodynamic studies: 
cardiac and vascular pathologv, congenital 
and acquired; mass lesions, tumors versus 
inflammation and in the differentiation be- 
tween benign and malignant tumors. The 
sclective introduction of drugs is also facil- 
itated by this method. 


Maruel Viamonte, Jr., M.D. 
Department of Radiology 
Jackson Memorial Hospital 
Miami, Florida 33136 
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hic. 22. (4-C) Left renal cyst. Note avascular left 
upper pole with a negative nephrogram in that 
area (arrows). 
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THE VALUE OF CATHETER ARTERIOGRAPHY IN 
EVALUATING ARTERIAL INSUFFICIENCY 


By J. L. CURRY, M.D,* W. J. HOWLAND, M.D.,* and E. C. VOSS, Jr, M.D.1 


WHEELING, WEST VIRGINIA 


HEN a safer method is available, it 

seems inconsistent with good Judg- 
ment to subject an already diseased artery 
to the trauma of direct needle puncture for 
arteriographic study. Direct needle punc- 
ture into the diseased area 1s usually 
unnecessary and is potentially hazardous in 
many cases. Whereas healthy, pulsating 
arteries may be punctured with ease, a 
stenotic artery with a diminutive pulse 
often requires the added insult of multiple 
punctures. 

Although not without hazard, the suc- 
cess and relative safety of catheter aortoar- 
teriography by the Seldinger method are 
becoming well established. ** This en- 
ables the surgeon or radiologist to approach 
the area of disease via catheter inserted at a 
more distant point into a relatively normal 
arterv. By following these principles, we 
have performed over 400 catheter arterio- 
graphic studies in the past 20 months with 
no serious permanent sequelae (Table 1). 

The following technical approach has 
been found quite satisfactory: 

t. In general, arterial disease in the 
vicinity of the aortic arch, brachiocepha- 
lic, and cranial vessels is best evaluated 
selectively by a femoral catheter approach. 
Aorto-iliac and femoro-popliteal lesions are 
best evaluated using an axillary artery 


2. Each patient is evaluated prior to the 
arteriographic procedure and the best 
approach selected, based on the probable 
pathology and the location of clinically 
normal arteries for catheter entrance. 

3. When arterial catheterization 1s per- 
formed, preliminary retrograde pressure 
arterial study is extremely valuable as a 
“roadmap” prior to catheter insertion, if 


Tage | 


DISTRIBUTION OF CATHETER ARTERIOGRAPHY 
AND AORTOGRAPHY PROCEDURES 
JANUARY, 1963 TO SEPTEMBER, 1964 


Carotid 


Femoral catheterization 6o 

Axillary catheterization 10 
Renal 

Femoral catheterization £6 

Axillary catheterization 14 
Femoro-popliteal 

Axillary catheterization 25 


Other Selective Abdominal Arteriographtes 
Femoral catheterization 
Axillary catheterization 
Aorta (thoracic) 
Femoral catheterization 8g 
Axillary catheterization 25 
Aorta (abdominal) 


Ex 
n i 


Femoral catheterization 83 
Axillary catheterization 42 
Total 403 

the guide wire tip does not easily pass into 


the aorta (Fig. t, 4, B and C).^* 

4. Preliminary pressure aortographv 
then establishes a further guide for selective 
arterial catheter insertion (Fig. 2, Æ 
and 7; and Fig. 3, .¢ and 5). 


This approach has special merit in the 
studv of occlusive disease of the aorto-iliac 
and femoro-popliteal areas. The procedure 
is performed as follows: 

A. A normally pulsating axillary artery 
is cannulated, preferably the left (Fig. 4, 
;4 and B; and Fig. 5). 

B. If the guide wire tip will not easily 
pass into the aorta, the cannula is advanced 
slightly, free arterial blood flow ascertained 
and a retrograde axillary arteriogram is 
made as a guide to catheter passage (Fig. 


* Department of Radiology, Ohio Valley General Hospital, Wheeling, West Virginia. 
t Department of Surgery, Wheeling Clinic, Wheel:ng, West Virginia. 
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Fic. 1. (4) Retrograde left axillary arteriogram 
showing a relatively safe route for catheter pas- 
sage into the aorta. (B) Retrograde left femoro- 
iliac arter'ogram indicating a normal safe route 
for catheter passage into the aorta. (C) Retro- 
grade left femoral arteriogram indicating an 
extremely hazardous route for catheter passage 
into the aorta. (Retrograde studies were per- 
formed using 25 cc. angio-conray via 1$ gauge 
cannula at 500 pounds per square inch pressure; 
Cordis injector.) 
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Fic. 2. Fifty-nine year old female referred for left carotid catheter arteriography. (4) Arch aortogram made 
via left femoral artery catheterization. The tortuosity and kinking of these subclavian arteries would indi- 
cate a hazardous route for aortic catheterization via axillary puncture. (B) Catheter selectively placed in 
left common carotid artery for intracranial arteriography, 





Fic. 3. Aorto-ilio-femoral arteriography in a £2 year old patient performed via catheter inserted through the 
left axillary artery and advanced into the upper abdominal aorta. Patent distal aorta and ilio-femoral 
arteries permitted selective catheter placement in the left and right femoral arteries (shown in Fig. 6, 4 and 
B). (.4) One second after injection of 30 cc. angio-conray at 500 pounds per square inch. (B) One second 
later. 
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Fro. 4. Aorto-ilio-femoral arteriogram via left axillary catheter in a «8 year old male showing total occlusive 
lesion of proximal left common iliac artery. (4) One-half second after rapid pressure injection of angio- 
conray. (B) One-half second later. 


1.7). If a hazardous route is shown, the 
opposite axillary artery may be sub- 
stituted, although catheter passage down 
the aorta from the right side is frequently 
more difficult, particularly if the aortic 
arch 1s tortuous. 

C. The catheter tip is gently passed into 
the upper abdominal aorta. At this point, 
an antegrade aortogram is made with 
visualization of the abdominal aorta as 
well as the iliac and common femoral 
arteries (Fig. 3, £ and B).°® 


2 a 


Fic. 5. Sixty-eight year old male. Left axillary 
catheter aorto-ilio-femoral arteriogram showing 
extensive occlusive disease of both femoral arteries. 
Following this, selective catheter injection of both 
iliac arteries was carefully made for evaluation of 
the major arterial tree of each thigh and knee re- 
gon. 





D. The safety and wisdom of passing 
the curved catheter tip into one or both 
ilio-femoral segments for selective femoro- 
popliteal arteriography are then easily esti- 
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lic. 6. (4 and B) Catheter femoral arteriograms of 
both lower extremities in §2 year old male whose 
aorto- iliac segments are shown in Figure 3, 4 and 
B. Note the normality of the left arteriogram with 
femoro-popliteal occlusive disease on the right. 





cally normal femoral artery may be cathet- 
erized to evaluate the opposite aorto- 
ilio-femoral area. In such cases, preliminary 
pressure retrograde femoral arteriograms 
offer a sate guide (Fig. 1, Band C). 


SUMMARY 


1. This communication emphasizes an 
arteriographic technique to avoid direct 
needle puncture of diseased arteries. 

2. Arteriography of abnormal arteries 
may be safely accomplished by using a 
more distant location for catheter insertion, 
if a clinically normal vessel is available. 

3. By following this approach, no serious 
or permanent complications have occurred 
In 403 catheter procedures. 


J. L. Curry, M.D. 
Department of Radiology 
Ohio Valley General Hospital 
Wheeling, West Virginia 
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ANGIOCAR DIOGRAPHIC DIAGNOSIS OF BOTH GREAT 
VESSELS ORIGINATING FROM RIGHT VENTRICLE* 


REPORT OF THIRTEEN ACYANOTIC PATIENTS 


By ISRAEL STEINBERG, M.D.,f and MARY ALLEN ENGLE, M.D. 


NEW YORK, NEW YORK 


NGIOCARDIOGRAPHY has become 
generally recognized as the definitive 
method for establishing the diagnosis of 
origin of both great vessels from the right 
ventricle during life. The technique was 
first recommended for diagnosis by Wi- 
tham!! in 1957. It has been extensively 
used in this center for diagnosis since 
1959.^*- 9) Recent publications have de- 
scribed its value in isolated cases.'^ The 
purpose of this report is to review and 
emphasize the roentgen features of ventric- 
ular septal detect associated with origin of 
both great vessels from the right ventricle, 
te record our experience in 13 acvanotic 
patients and, therebv, to evaluate the role 
of contrast roentgenography in the diag- 
nosis of the congenital anomaly. 


METHODS AND MATERIALS 


Angiocardiography, intravenous and se- 
lective (right and left ventricular), was 
performed in 13 acyanotic patients, 7 
females and 6 males. All had complete 
clinical and laboratory evaluation which 
mcluded electrocardiographic,! phonocar- 
diographic, roentgenoscopic, and con- 
ventional roentgenographic studies in the 
frontal, lateral, and 2 oblique positions. 
Cardiac catheterization was performed in 
LI of the cases.' 


RESULTS 


Table 1 records the conventional roent- 
zgenographic findings. Enlargement of the 
heart (usually all 4 chambers), of the 
pulmonary artery, and plethoric lungs were 
present in 8 of the 13 patients. Three 





hic. 1. Case 1. (4) Conventional roentgenogram of 
the chest showing enlargement of the heart and 
plethone lungs. 


patients (Case 2, 5, and 12) had normal- 
sized hearts, but the pulmonary artery was 
enlarged and the lungs were plethoric in 2 
of these, although not in the third (Case 
12). Ot 2 patients with slight cardiac 
enlargement (Case 3 and 4), the lung 
vasculature was plethoric in the former and 
only slightly increased in the latter. The 
pulmonary artery appeared normal in 
position in all patients. No abnormality of 
the aorta was noted, even in retrospect. 
Intravenous angiocardiography (in 2 
Instances in simultaneous, biplane, frontal 
and lateral views) was performed in 6 
patients (Case I, 2, 5, 6, 9, and 11). One 
patient had countercurrent aortography 
after mtravenous angiocardiography to 


* From the Departments of Radiology, Medicine, and Pediatrics, The New York Hospital —Cornell Medical Center, New York, New 


York. 


T Recipient of Career Scientist Award of The Health Research Council of The City of New York under contract 1-258. Aided by a 
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45 





gle 


n 


« 


rv. Allen 


r 
t 


nberg and M 


" Å PRA an marnan A A EE YAA EAA taAa Hatte emma 


SROUAJE [PARU Surjstxo 
-03 jo asnpoaq panajəp ALIN noure pur 
anruojdurkse qns 'ppp siros $ mou 'Aoqpootps 


payeapul 
-RUG Apqequad üorpgasd() Ysa jv ssouBAD peu 
“JUTE uit 'siuaK oz pase 'juoapnjs ISo? € MON 


«pouiopop uonviado 
foa Rupp pur YOULL [NS SVIA fc od MO} 





yaar 
JO asnvoog pastape you Alagus pepara "Aouvusaad 
jo uondnuayur pru Apua pue onguojdurse 
juaneq 'pJo stead rz Aou idn-Aopog Jead uoAop] 


Qs1734 £—2]0?ui011uiKse pup [Jom quot] 
OR Cpeiissur SE THOR OF poo[q iv[nonnuasA HA 
K11v2 o sisayqsoid Suryps peroads v pue A1ozans yeay 
uado yya pojooiroo papap ferias gor '6 KPY 
u() “GSOr See pudy uo popowa vulo]srpqodno se 


pppapp [nidos aaoqe opiraquas4 10201 woa 
p»jeuiSuo vor iperudogj13dAt pue pajepp Ham 
soppijuaA pure enye pog ‘Waas sea uornod snou 
-eiquiaui Jo papp [edes ivpnotijuaA ^um z ‘Asdo 
TNE jy 'epuuaA WRU 3y} WOJ 9s0Jv OS[U HOU 
jeu Sumi[eor Moypa pasop umjdas 1e[nonnuaA 


&sdojny 'aüonelodo) *drj-opgo, 'seuiasr 








OOP BL) Spuiju2A Jy WoL} BOR JO 
WFO yt [9^9] 4epnorijuaA FE junus 31421-0]1-3])9] ur pasaepuo opitruaA 
yoy Cyr Hep palue Apavu tuniize prp (qt AL) opnqusA quu 
woi pag edo Apuirej vejioy 70 pue d SF cStp Aye Agvuouinnd pur 
'opuquoaa “WDNR WALD paziv[us pamoys sulgigorpawooUuv snouaAviju] 


(5 pu? g 'p ff ary) »prquoas 14u2u 
SY] WOI BUS ROR pur '[oAop ie[nordus4 Je junus 10211-03-3]9| “Hey 
J JO Sapis YO JO quotuamav[ua poawous suimisorpieoordus snousAvdjup 





Puun} 3001-021] 109 
ivjnoriusA He OF anp pen MOPTNG paunajap pun ep remoguda 
ye junus yA opp PLUJA JYS WOJ spossoA JeF peq pasoposip 
suimastorpreoorug avpnotquasA 140210 ALPAN "442149. Areuotupmd pug pry 
-UJA *unrtpgv 34211 JO 1u2u2zuvqua PINOYS surejsorpreoorgug snouoav1]up 


apinuaA 321 11:01] Zurstre KJR A1euotu[nd. [jeurtou. pa[peaAod ure 
-orpivsopiur snouaariju[ ,9]ujusA 1/9] JO Per mayne jo oouvivodde 
PALO sip v paonpoad YOY [puunj v VA opiijuaA Jpop oy} WOY vilor jo 
VOU BOYLE pawous sumailorpiusopiug 1e [norz]ua4. Tp auvqdiq HAAS 


(4 puge 7 'z Sty) apourquaan 
UBL WOJ BUBUR THOR UM JAA, APPMOLQUAA je jungs 10211-03-3]9[ 110 
pozav[uo ospe opitijuaA BO] (ep put Ds BLA) juouizavquo Aye ALWGOUL 
qnd pur pues UNE TAL pasorns sumisorpiesotium snousavaug 


(4 pur ay {1 BLY) epuus4 jui ay] UT ƏSOIL SIVA 212102 91] £3[LIUSA 
Vey ayy uo] payiordo aweseq vjio? ayy "(7 put q 'i ALY) sonjonajs 
j1voq BYR ayy Jo uorngouprdoolr gii pasinyue osje mas aplayuea pue 
umi Way (C9 pur g ‘1 ^31) soupugdq pun ‘oyw Aieuouind ‘apoyo 
UTA}? PUR ayy JO jusuazüv]ua powotnus sumiSotpiveooi2ue snouoAvaju] 








———————— aS e HN 








qusunuoad 
34tijepnosra AUN] iO pue p ‘P Dp umuwe yA 
pexavpua uv Aq paonydsip snaeudossq {9 pue g ‘Y 
oup apuajusaa HA Appeloadisa yawoy podanpuyy 


S]ASSOA 
Aieuound jo qusumzio3u3 popia AJE KAIRU 
-umd unesid paavqua irs [pay pazts-[EULION. 


31nje[nostA Ajvuotuqnd ui asrau 3ui[s 
yua pozavquo Apysys Apwe Kaxeuotupd put yeay 


ssun[ anoyyayd pue 'soqouvaq pur Aye Arvuour 
-jnd pazuvjua Appears qpa peog posetio Asis 


(ye ALP) saa enbrpqo 
l10n13]uv 319] ui paZuvqus pua Foy '(g pue p 
ORU ununseipoul 40023750d ut sseui eus vipa 
peyrypey 'sSun| 2noujopi puv Agie AIwvuowpmi 
quaunuogd Y A Mars pPRIUOJ] UT JARON pozIS-TUULION, 


Aaye Apuowmd pur sapsijuaA IO JUS UISIV] 
-ua pamoys saaa anbyqo “(CFL "acp sun W101} 
-api gys pea poseu paywoass Apnjs peue 








Audvidouadiuaos [etionju2AUD.) 





H31OIWNLNSA LHODI WOU STASSSA LVAYD HILOS JO NIOTHO JO SdTSVO Cy NI SONIGQNIJ OIHdVuODONSOLN3O3M 


paiay 
L 





RI G————— '''' P Ó—— ro 











fi 


i 
ie 





fy 
> 


E 





47 


reat Vessels 


G 


of 


I4gnosis 


+ 


D 


mea ur ria rrr eventa a A a ji RL TE rSn Pen riae era Rt 


sisouzivip 
pesunnmuoo Asdojny asum usou jo 2smmorrourat] 
pev viu: JO pap 3025990 nq sisaugisoas ayy 
“SOOUNNEY ujntw PAP palo) uonbgixdio ogs 
puooo« 'paprAtp snjonp fstsayjsoud 6 lw THOR 
JO uonvjouvoo Ayy papato) uourodo seys ysig 


PALDA spou3erp HJUƏSWHAd UOBIHİGO Ivy 

-nosvA Axeuoui[nd aatsua f poos sisoyysord xoout 
suey jo uonrmsod 'Asdojne jy Aep aAnviadojsod 
quy uo Appajoodxoun pue Apuoppns paip quand 
jnq [njss3oons paavoddy avad v unprw uonvixd() 
Spp (umpunoos) penize 

PUT JEMOLGUSA uia apijuosA just jepino opquop 
jo spousmip paoui Asdoiny  "mmuonmaud pur 
DANE] Hr MUOP YNA Sqquow S ye poi 


;Saipnis onpdeasorium pourmuoa 
ASO Une SAIGRINSG AIJU par] copuruaa. pir Tape 
epqnop pur A»uoprnsur orjjov 3594402 6] UOT vale 
poivimsaoou agn[Tej aerpaeo 3424238 IOP SAVIL OMJ, 


ase jo asnuoaq pouodjsod sokng 


[243428j9p. uot 
-vaado igo Fulop MOG si ay 'juvjur uv se ampeg 
}eay ur yAn p 'onoueoe pns 'savas Fe axe mo 








ALIBI 
jauipap ioanvuojdurise pur pro sivo OZ MON 
: 1 i à 





UN nem KINA VANIA BEANN a Aarde AEA E AA MAAA AANA bd am mney a NENA ome 





Asdoiny 'uoivasdo *drj ojo *satuay 


` 
















Curagas “|p AVH G Aq pournogiod 254394 
sonis MYCRISOIPAWIOLTUT aanpopos VL) “(474 Hp snsonoje snjonp 
Wwayed pue VOR ayy jo uorngjo4eoo TILA YMB MMOL 281948UE41 JO visupd 
Sd pasongs umaiSojiov PRIAN JAPAS "(qp pur 9 '6 Bnp opu 
“USA TYSLE zamo opqnop Jo SEPP pepeaAaoa surnazopnortuaa Yap IMPAS 





Cu 





iS VT Axrvpp (p Aq pouriopiad aas sarpnys otudvasorpavootsug 341 
X99 OUP) CR 7214) Snap sg Apnjs anbi[qo 20193u jpop ayy "1342 
“MORE (d PUE D R rp UROL jo ucro Sutpaezo1 vep aaisnpouosut pamoys 
SMOLA [POWE PUY [E3104] ut sumazorpaesorguy. 1e[norrjuaA. PYF 2Anoops 





apeu jou ses Aphys anbyqo ug asnzooq Apqegqoad *pozrusiooaa 
HOU SEAN ROR Jo urdrio FEOL USA Jub ospassdA. 10243 Jo uorjeogroedo JO 
amanbas [PUNOU qur TUNES epo TRA PPRU-N]- Way snoutous UT prote 
sumasorpivoonhur snotuaaAmijur [RINE pum PUO surpi, snoauvj[nuins 


ILIRIJA 
VS OJULE LONRUAINAG pR pur A»uaptQihsur MHOR YHA oprnausA 
TAL Ww peuo HoR jet] paysyquysa Aydwfopot Ispas apris 
“OY cÁpnis ougdeasoirpaeoorsuy snouaAv4jut uo punys yyang- pop agni 


(C4 BLA) apa 
MOLY onbripqo gonjius yay 





Just ap Wor Supeo Ror paro 
(OM 8L 4) [99] reponi uasa JV JUN YS 14921-0132] Y YIN porie[uo OST! apo] 
“Has pue ume Io] {g pur fle ALY) Sayouviq pue iape Aieuouimed 
PPRA unaye jqu8nr padivpua pawsoys sumuazempaimootnue SnouaATJju] 


snsotioj1v snjonp 
ju3jed papnpoxe sumiio]iov juolinoJojuno) */ 4J pue OO CRU »ptius4 
3jep Wor) puun) v vi^ ponnwedo rjjor ayy O pur g '9 304) suomo 
243A SPUN] ELON JO J2]01v]p dota Aloe Aieuounnq '(g-g ‘6 FPE 
POALEPUD saque mupo py paaoys surorvooisue snouoAriju[ 


(D pue g 'S 314) 
ƏPHJLA A Way pay Pedo zZgunuoosq pur apolar 1051 woa Zureuo 
pexiepia you vj1oy “(PS 3u Aaye Aivüoui[nd. pur opuntuaA gyu aant 
pesous sueiSomavoorSut uiv[nonjuaA 30811 34nbo[s pum snouoaAnnug 





Sgpdeasorpaesoisiuy 


(D2HHIIHO')) | ATA], 





Im m rm HRA PPAR 






(g pue p'e Rig) spas 
“SOA Sun] pazjodua X[posieur yya Ray pazur]u;[ 


(g puv p 'g L4) sung jo vioqjajd ou ma paZav[ 
-uUa ÁINE A1veuoumd PWRIL u? OBIE ON 


sJaquieuo ppt 16 pussy 
nuo pur 'smun] soya Xpposaeur *posiequo Hesg 





apsumdxo PIM spossaa 3mo48 joy 'spossoA jrouj 
qieq o pum sioquieuo ormpieo aui fo juatiazmua 
pis sung onoqiopí ‘paruppua AqoarssEur jimaj[ 


3itie[nosma ATO EN puer 
AAU Agmuouypod siague sepa pañu 


(FQ qi pozaosua uonepnoato Xaeu 
-pumi pue 'jusurmuoad pur o[nvsmd Xie Awu 
“OWN 'pezavqua Apposetu saaquieuo ovpw b qv 


posvqpua sjaquieo ovtpaes pe. pu ouod 
31nje[noseA Aimuoui[ng 'soupurdq pur Loe smu 
-euqnd opnespid juoumuoid pun qivay poeu 





Audrasouasiquao Y. 





THOUS A uoy 











E 








ot 


ree Meme eRe amaaa — 


t $1 
OL zd 
"Oui z ti 
Ó 3 
E h 





te 
p~ 





C44) CON 
adv = asry 


entrent, 
ote ne timer Ire SAM e Hia RON 








48 Israel Steinberg and Mary Allen Engle 


evaluate a murmur of aortic insuthciency 
(Case 8). Two patients had both intra- 
venous and right heart selective angio- 
cardiography (Case 4 and 7). One patient 
had intravenous angiocardiography and 
retrograde aortography (Case 10). One 
patient had both intravenous ard selective 
left heart angiocardiography (Case 3). 
Selective left ventricular anziocardiog- 
raphy alone was performed in 2 patients. 
In Case 13 


the diagnosis of coexisting co- 


M us 1905 


arctation of the aorta and patent ductus 
arteriosus was established by withdrawing 
the catheter from the ascending to the 
descending aorta and opacifving of the 
lessions (Fig. 94). 

In each instance, angiocardiography 
showed that the pulmonary artery arose 
normally from the outflow tract of the 
right ventricle (Fig. 1, B and C; 2D; 4, D 
and E; £4; 6, B and C; and 7, 4 and 5). 
Only 2 patients (Case 4 and 6) (Fig. 4D) 





Fic. 1. (B) Frontal intravenous angiocardiogram showing enlargement of the right atrium, ventricle, pul- 
monary artery, and branches. The pu monary artery arises in a usual fashion from the outflow tract of the 
right ventricle. (C) Left lateral angiocardiogram showing the enlarged right ventricle and pulmonary artery. 
(D) Frontal angiocardiogram showing enlargement of the left atrium and ventricle. The root of the aorta is 
obscured by the left atrium, but the ascending aorta is in its usual position. There is reopacification of the 
right ventricle, pulmonary artery, amd branches. (Æ) Left anterior oblique angiocardiogram. (F) Diagram 
of E, showing the enlarged left atrium (LA), left ventricle (LV) with reopacification of the right ventricle 
(RV). The aorta (AO) arises from thc inflow tract of the right ventricle. 


Ver. 94, No. I 
showed early opacification of the aorta. In 
all other instances the aorta became opaci- 
fied in regular normal sequence (Fig. 1, D 
and £; 2£; 3, Zl and B; 4, F and G: zB; 6, 
D and E; 7, C and D; 8, C, D and E; and 9, 
d and B). In frontal view, it was often 
impossible after intravenous angiocardi- 
ography to recognize the abnormal position 
of the root of the aorta in the right ven- 
tricle because the left atrium was opaci- 
hed at the same time. However, following 
selective injection of contrast medium into 
the left ventricle, the deformed outflow 
tract of the left ventricle and the rightward 
displacement of the aortic valve were well 
seen.’ [n the lateral, and especially in the 
lett anterior oblique view, the end-on posi- 
tion of the ventricular septum permitted 
visualization of the aortic valve and the 
aorta arising from the right ventricle in an 
anterior, transposed position in the same 
plane as, or in front of, the pulmonary 
artery (Fig. 1E; 2E; 3D; 4G; 5B; 6E; 7D; 8, 
D and E; and 9, C and D). Especially in the 
selective lateral and oblique studies (Fig. 8, 
D and E; and 9, C and D), the streaming of 
blood trom the left ventricle through a sep- 
tal defect into the aortic valve created a 
tunnel-like effect, a sign of considerable 
diagnostic importance. 
DISCUSSION 

A diagnosis of the origin of both great 
vessels from the right ventricle associated 
with a ventricular septal defect is diffi- 
cult to make on clinical grounds when the 
patient is acyanotic.?* Conventional roent- 
genography may show cardiac enlargement 
when the shunt is large, and, if the patient 
is in heart failure, the lungs, too, are 
frequently plethoric. These findings, how- 
ever, do not differ greatly from those of a 
simple ventricular septal defect alone. A 
significant finding on cardiac catheteriza- 
tion Is a systemic pressure in the right 
ventricle. This makes angiocardiography 
mandatory, for only with this technique 
can the origin of both great vessels from 
the right ventricle be visualized during 
liie. 
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l'1G. 2. Case 2. (4) Conventional frontal teleroent- 
genogram showing enlargement of the heart, pul- 
monary artery, and pulmonary vasculature. A 
large calcific mass 1s in the right superior medi- 
astinum (arrow). (8) Left anterior oblique roent- 
genogram demonstrating enlargement'of the right 
and left ventricles. The mass (arrow) is in the poste- 
ror mediastinum overlying the spine. After 
excision it was found to be a neuroblastoma.!? 


Because of the high degree of mixing of 
the blood by the left-to-right shunt, the 
diluted contrast material following intra- 
venous angiocardiography may obscure the 
tunnel-like streaming of contrast material 
from the left ventricle across the septal 
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defect into the right ventricle at the root ot 
the aorta (Fig. 8E; and 9, C and D). 
Accordingly, selective catheter injection of 
contrast medium into either the right or 
left ventricle is recommended. Although 
the transposed position of the aortic root, 


LA 
Ly 


Fic. 2. (C) Frontal intravenous angiocardiogram revealing enlargement of the right atrium, ventricle, pul- 
monary artery, and branches. (D) The left anterior oblique angiocardiogram also shows enlargement of 
the right heart chambers and the pulmenary arterial system. (E) The left-to-right shunt at the ventricular 
level with origin of the aorta from the inflow region of the right ventricle is evident. (F) Diagram of £F. 
(Fig. 2, Zand E reproduced with permission of the publisher.'”) 
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originating to the right of the ventricular 
septum, may be well demonstrated with 
the intravenous method (Fig. 2£; 3B; 4G; 
$8; 6E; and 7C), this technique cannot 
achieve the details of the tunnel-like 
streaming of contrast material produced by 
selective ventriculography.! 

Only in Case 11 did angiocardiography 
fæl to show both great vessels arising from 
the right ventricle. This is probably 
because there was a secundum type atrial 
septal defect as well as a ventricular septal 
detect, and the excessive amount of left-to- 
right shunting of contrast material made it 
impossible to establish the diagnosis, even 
retrospectively. In this case, only a biplane 
study in frontal and lateral views was 
made. Failure to secure a left anterior 
oblique study may have been responsible 
for the error because the lateral view is 
net as satisfactory as the left anterior 
oblique position for demonstrating the 
plane of the ventricular septum. Although 
Case I showed the classic findings of 
origin of both great vessels from the right 
ventricle (Fig. 1 E), it was recognized only 
retrospectively after surgical repair of the 
ventricular septal defect proved fatal. 
This occurred before the entitv of acvanot- 
ic ventricular septal defect with normal 
position of the pulmonary artery and trans- 
position of the aorta was recognized.” 
Subsequently, surgical repair of the septal 
defect and creation of a hammock.like 
prosthesis to provide for aortic blood flow 
has been accomplished;’? a preoperative 
diagnosis by means of contrast studies 
was of great importance in identifving the 
abnormal position of the aorta. 

When the amount of pulmonarv arterial 
resistance is high, repair of the septal 
defect and creation of the special sling 
prosthesis may not always restore the 
pulmonary pressure and vessels to a nor- 
mal state. Figure 8,7 (Case 12) showed 
only mild increase in the size of the pul- 
monary arteries and clear peripheral lung 
helds, suggesting high pulmonary resistance 
and small left-to-right shunt. Nevertheless, 
operation was undertaken because the 
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Fic. 3. Case §. (4) Frontal intravenous angiocardio- 


gram showing an enlarged left ventricle. The 
origin of the aorta is obscured by the opacified left 
atrium. (8) In the left anterior oblique angio- 
cardiogram, the origin of the aorta from the right 
ventricle is evident. (C) Diagram of B. 


hndings at two cardiac catheterizations a 
few months apart gave evidence of large 
pulmonary blood flow. Death occurred 
unexpectedly on the fourth postoperative 
day. Autopsy disclosed severe and diffuse 
pulmonary vascular obstructive disease. 
Such a situation was also encountered by 
Lucas ef al Operation appeared con- 
traindicated 1n 2 patients (Case 3 and 7), 
who were over 20 years of age, because of 
the elevation of pulmonary vascular resist- 
ance. 

Neufeld and co-workers*? have empha- 
sized that mitral valve deformities may 
occur with ventricular septal defects that 
are associated with right ventricular origin 





Fic. 4. Case 6. (4) Frontal esophagram showing cardiomegaly, enlargement of the pulmonary artery, and 
plethora of the lungs. (B) The left anterior oblique roentgenogram with esophagram also shows right and 
left ventricular enlargement. (C) The right anterior oblique view confirms the right ventricular enlarge- 
ment. The esophagram demonstrates d splacement of the barium column by a large left atrium. 
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l'1G. 4. (D) Frontal intravenous angiocardiogram revealing a large right atrium, ventricle, pulmonary artery, 





and branches. Note that the aorta (arrow) is prematurely opacified. (E) Left anterior oblique angiocardio- 
gram also showing the large right ventricle and pulmonary artery. Ih this study, the aorta was not opacified 
early. (F) Frontal angiocardiogram revealing the huge left atrium due to mitral stenosis. (G) Left anterioi 
oblique angiocardiogram also showing the enlarged left atrium. The aortic cusps (arrow) arise from the in- 


How tract of the right ventricle. 
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Fic. 5. Case 7. (4) Left anterior oblique intravenous 
angiocardiogram showing a huge rizht ventricle 
and pulmonary artery. (B) When the left ventricle 
was filled, the aorta, which arose from the right 
ventricle, became opacified via the septal defect. 
(C) Diagram of B. 


of both great vessels. The coexistence of 
mitral stenosis in Case 6 is noteworthy. 
Because the patient is still asymptomatic 
and acvanotic, operation, wh ch should 
also include repair of the mitral stenosis, 
has been postponed. 

Case 10, in addition to the great vessel 
anomalies, was complicated by severe 
aortic regurgitation probably due to a 
perforated cusp from previous bacterial 
endocarditis. Operation, performed as a 
last resort, was unsuccessful because of the 
long period of time required to ~epair both 
lesions during open heart surzerv.* The 
last patient in the series had a complicating 
infantile type of coarctation and a patent 
ductus arteriosus. A first stage operation 
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for repair of the coarctation and division of 
the ductus was successful (Table 1). 
Angiocardiography is also capable of 
differentiating other types of transposition 
of the great vessels from that discussed 
above. In the Taussig-Bing anomaly, 
there is transposition of the aorta while the 
pulmonary artery arises normally from the 
outflow tract of the right ventricle or 
straddles the anterior ventricular septal 
defect. In this situation, both vessels 
opacify from the right ventricle, the aorta 
more densely than the pulmonary artery, 
where contrast medium is diluted by the 
stream of unopacified blood entering it 
through the left ventricle and septal detect. 
The diagnosis of complete transposition of 
the great vessels need not be a problem for 
usually the origin of only the aorta from 
the right ventricle is distinct. The origin of 
the pulmonary artery from the left ven- 
tricle can be recognized if sufficient shunting 


— 


into the left side of the heart occurs during 
angiocardiography. The severe cyanosis in 
complete transposition of the great vessels 
is also striking and is in contrast to the lack 


of visible cvanosis in the situation described 


above. Patients with corrected transpo- 
sition may be acyanotic; their angio- 





Fic. 6. Case 8. (4) Frontal conventional teleroent- 
genogram showing generalized enlargement of the 
heart, pulmonary artery, and pulmonary vascu- 
lature. 
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Fıs. 6. (B) Frontal intravenous angiocardiogram showing an enlarged right atrium, ventricle, pulmonary 
artery, and branches. (C) Left anterior oblique angiocardiogram also showing the right ventricular and 
pulmonary arterial enlargement. (D) Angiocardiogram demonstrating left atrial and ventricular enlarge- 
ment. There is reopacification of the right ventricle and pulmonary arterial system. The ascending aorta 
appears to be in its normal position. (E) Left anterior oblique angiocardiogram, however, shows that the 
origin of the aorta is from the right ventricle. Arrows indicate the tunneling of contrast medium through 


the septal defect into the aorta. (F) Diagram of E. 


cardiograms, however, are revealing for 
usually the contours of the inverted ven- 
trieles and the position of the great vessel 
with an anterolateral aorta and postero- 
medial pulmonary arterv are distinctive. 
Patients who have both great vessels 
arising from the right ventricle and have 
pulmonic stenosis may mimic tetralogv of 
Fallot. Angiocardiography is capable of 
establishing the diagnosis preoperatively.* 
Selective angiocardiography, however, es- 
pecially in the left anterior oblique view, is 
desirable. The clear-cut origin of the entire 


aortic valve from the right ventricle differ- 
entiates the anomaly from the overriding of 
the ventricular septum by the aorta in the 
tetralogv of Fallot. In 1 of 2 cvanotic 
patients with pulmonic stenosis and with 
origin of the great vessels from the right 
ventricle, the preoperative diagnosis was 
missed probablv because onlv frontal and 
lateral intravenous angiocardiograms were 
made. In the second case, both intra- 
and selective right ventricular 
studies in frontal and lateral views did not 
permit the diagnosis even after a retro- 


venous 
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Fic. 7. Case 9. (4) Frontal intravenous z ngiocardiogram showing enlargement of the right atrium, ventricle, 
pulmonary arzery, and pulmonary vasculature. (B) Left anterior oblique angiocardiogram also showing 
right ventricular and pulmonary arterzl enlargement. (C) Frontal angiocardiozram showing left atrial and 
ventricular enlargement with reopaciication of the right ventricle and pulmonary arterial system. The 
aortic root is obscured by the opacified left atrium. The aortic arch is in the normal position. (D) The left 
anterior oblique angiocardiogram, however, reveals the aortic root originating from the inflow tract of the 
right atrium. The base of the pulmonary artery and of the aorta is superimposed in this view. 
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Fre. 8. Case 12. (4) Frontal teleroentgenogram of the chest showing enlargement of the heart and pulmonary 
artery. Although the central branches of the pulmonary artery are large, the peripheral branches are de- 
creased. (B) Lateral roentgenogram of the chest showing anterior bowing of the sternum and enlargement 


of the right ventricle. 


spective studv. In a third case, the diagno- 
sis of both great vessels arising from the 
right ventricle and pulmonic valvular 
stenosis was established by intravenous 
amgiocardiography and verified at opera- 
tion. 


SUMMARY AND CONCLUSIONS 


With the use of angiocardiography, the 
diagnosis of origin of both great vessels 
trom the ventricle in association with a 
ventricular septal defect was established 
in I2 of I3 acyanotic patients. In the left 
anterior oblique view, and sometimes in 
the lateral view, an opacified stream of 
contrast material traversing the ventricular 
septal defect to the aortic root situated in 
the right ventricle is striking. This tunnel- 
like structure is best visualized during 
selective left ventriculography, although it 
has been observed following selective right 
ventriculography, and, rarely, following 
intravenous angiocardiography. 

Patients with origin of both great vessels 
from the right ventricle cannot be differ- 
entiated from those with simple ventricular 
detects by clinical and conventional roent- 


genographic findings. The correct diagnosis 
Is Important since a surgeon, not fore- 
warned, may not see the aortic origin from 
the right ventricle and repair only the ven- 
tricular septal defect and cause a fatality. 

Angiocardiography can also aid in differ- 
entiating other tvpes of transposition of 
the great vessels from that of origin of both 
great vessels from the right ventricle. The 
Taussig-Bing anomaly can be recognized 
by the dense opacification of the right 
ventricular aorta and the faint opacifica- 
tion of the normally positioned or over- 
riding pulmonary artery. Complete trans- 
position ef the great vessels can be demon- 
strated by showing that only the aorta 
arises from the right ventricle; origin of the 
pulmonary artery from the left ventricle 
may them be surmised or demonstrated if 
shunts permit. Corrected transposition can 
also be diagnosed by revealing that the 
aorta is the anterolateral vessel and the 
pulmonary artery lies posteromedially. 
Sometimes the appearance of the ven- 
tricles identifies them as inverted. Also, in 
physiologically corrected transposition, the 
medially placed pulmonary artery arises 
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lic. 8. (C) Selective frontal left ventricular 
angiocardiogram showing dilatation of the 
left ventricle. There is a large left-to-right 
shunt at the ventricular level with opacifica- 
tion of an enlarged pulmonary artery. Note 
the low origin of the aortic cusps. (D) 
Lateral left ventricular selective angio- 
cardiogram demonstrating the marked ante- 
rior position of the aortic root Just anterior 
to the ventricular septum. (E) Left anterior 
oblique selective left ventricular angio- 
cardiogram showing the huge jet of contrast 
material traversing the ventricular septal 
defect and appearing like a tunnel for trans- 
mission of blood to the aorta from the left 
ventricle. 
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from the venous ventricle, while the trans- 
posed aorta arises from the svstemic ven- 
tricle along the left hilar border of the car- 
diac silhouette. 

Cvanotic patients with both great ves- 
sels arising from the right ventricle and 
with pulmonic stenosis can also be difter- 
entiated from those with the tetralogy of 
Fallot by showing that the origins of both 
of the great vessels arise from the right 
ventricle. 


Israel Steinberg, M.D. 

The New York Hospital—Cornell Medical Center 
525 East 68th Street 

New York, New York 10021 


ADDENDUM 


Since this paper was submitted tor pub- 
lication, an article on this subject was pub- 
shed in this JourNAL by Cary, L. S., and 
Edwards, J. E. Roentgenographic features 
m cases with origin of both vessels from 
the right ventricle without pulmonary 
stenosis, 1964, 93, 269-297. 
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Fic. 9. Case 13. (4) Frontal teleroentgenogram of 
the chest showing marked enlargement of the 
heart ard plethora of the lungs. (B) Left anterior 
oblique roentgenogram with esophagram demon- 
strating that both ventricles are enlarged. 





Fic. 9. (C)Left anterior oblique selective left 
ventricular angiocardiogram showing the 
left-to-right shunt through the ventricular 
septal defect like a tunnel with the forward 
position of the aortic root arising from the 
right ventricle. (D) Later in the series, the 
tunnel-like shunt from the left ventricle to 
the right ventricle is again visualized 
(arrows). The posterior cusp of the aortic 
valve is anterior to the plane of the ven- 
tricular septum. The root of the aorta is 
above the opacified right ventricle. (Æ) 
Retrograde aortogram with catheter passed 
through the coarctated segment of the 
aorta demonstrating narrowing of the trans- 
verse aortic arch and a patent ductus 
arteriosus (arrow). 
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ANOMALOUS SYSTEMIC VENOUS CONNECTION TO 
THE LEFT ATRIUM OR TO A PULMONARY VEIN* 


By HOOSHANG TAYBI, M.D., M.Sc. (PED.), GERALD J. KURLANDER, M.D., 
PAUL R. LURIE, M.D., and JOHN A. CAMPBELL, M.D. 


INDIANAPOLIS, INDIANA 


T anomalously connected* systemic 
veins to the left atrium or a pul- 
monary vein include one or more of the 
following vessels: (1) left superior vena 
cava, (2) levo-atrio-cardinal vein including 
coronary sinus connecting to the left 
atrium, (3) right superior vena cava, (4) 
inferior vena cava, (5) azygos vein, and (6) 
hepatic vein. Our experience with II 
cases of this group of anomalies is pre- 
sented. The practical significance of the 
preoperative diagnosis of these anomalies 
is emphasized. 


EMBRYOLOGY 


The paired precardinal veins are the 
drainage vessels for the primitive segments 
destined to become the head, neck and 
upper extremities. Paired  postcardinal 
veins drain blood from the primitive caudal 
segments. These precardinal and post- 
cardinal veins join to form two common 
cardinal veins (ducts of Cuvier) which in 
turn enter the common atrial chamber 
via an ante-chamber, the sinus venosus 
(Fig. 14). This ante-chamber is a bicornu- 
ate structure into which drain the common 
hepatic and cardinal veins. As the right 
common cardinal and vitelline-umbilical 
veins assume greater functional signifi- 
cance, the right horn of the sinus venosus 
enlarges (Fig. 15). The heart as a whole 
moves caudally into the thorax so that the 
common cardinal veins come to lie in the 
long axis of the embryo. With progressive 


* Connection does not necessarily indicate drainage. When the 
direction of blood flow is uncertain or other than normally antic- 
ipated, the term "connection" is used. 


development, the sino-atrial region turns so 
that the left side comes to lie inferior to the . 
right? (Fig. 1C). As this turning occurs, the 
right horn of the sinus venosus, as well as a 
portion of the transverse segment, becomes 
incorporated into che wall of the right 
atrium. Thus, the openings of the future 
superior vena cava and inferior vena cava 
are directly into the right atrium. 

During the eighth fetal week, the right 
and left precardinal veins become con- 
nected by an oblique venous channel. This 
vein, the left innominate, under normal 
circumstances of development shunts blood 
from the left precardinal vein to the right 
precardinal vein (Fig. 1 B). A portion of the 
blood from the left superior part of the 
body is therefore shunted to the right pre- 
cardinal vein. The left precardinal vein 
between the left innominate and the left 
common cardinal vein becomes obliterated 
(Fig. 1C). The left horn of the sinus veno- 
sus and the partially obliterated left com- 
mon cardinal vein, respectively, become the 
coronary sinus and the oblique vein of 
Marshall. The right precardinal and the 
right common cardinal veins become the 
superior vena cava. 

The manner of development of the 
anastomotic vessel, the left innominate 
veln, between the precardinal veins 1n some 
cases seems to be significant in determining 
persistence of a left superior vena cava.? 
When this anastomotic vessel 1s small or 
nonexistent, the left superior vena cava 
persists. If the anastomotic vessel develops 
in its normal caliber but runs obliquely 


caudally from right to left, the right 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 
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superior vena cava may involute, leaving a 
left superior vena cava to drain the blood 
of the entire upper bodv. When the left 
superior vena cava persists, it usually 
drains into the right atrium via the coro- 
nary sinus. 

Drainage of a persistent left superior 
vena cava into the left atrium is rare. When 
this occurs, there has been failure of turn- 
ing of the sino-atrial region (Fig. 1, Band C) 
so that the left side lies at the same level as 
the right rather than in its normal inferior 
position.* Thus, it can be seen that a per- 
sistent left superior vena cava draining into 
the left atrium is associated with absence of 
the coronarv sinus. In addition, when 
bilateral superior venae cavae are present, 
an azygos vein Joins each of them.? 

Earlier case reports of persistent left 
superior vena cava connecting with the left 
atrium have not emphasized the presence 
or absence of a coronarv sinus. Therefore, 
the true incidence of this tvpe of abnormal 
connection cannot be evaluated. 

Edwards and DuShane? used the term 
levo-atrio-cardinal vein to indicate a col- 
lateral channel between the left atrium or 
pulmonary venous system and the cardinal 
venous system. This vein is embryologi- 
callv different from the persistent left supe- 
rior vena cava draining into the left atrium. 
In the earlv stages of development, the 
primordia of the respiratory svstem are 
seen to originate as a division of the fore- 
gut. At this stage the developing lungs 
share their blood supply with the foregut 
(Fig. 2) which is enmeshed bv a capillary 
plexus, the splanchnic plexus.’ This plexus 
thus establishes direct communication be- 
tween the pulmonary veins and the cardinal 
veins. As the lungs acquire a route of 
drainage into the left atrium, these com- 
munications are largely lost. If, how- 
ever, at the time of partial incorporation 
of the pulmonary veins into the left 
atrium there were persistence of some 
of these early anastomoses, one might 
anticipate communication between a pul- 
menary vein or the left atrium and a 
derivative of the cardinal venous system. 
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Fic. 1. (4, B and C) Normal transformation of the 
cardinal veins of the human embryo. (Redrawn 
from Campbell and Deuchar.?) 


Persistence of a collateral channel has been 
described in cases of mitral atresia and 
narrow or closed foramen ovale where 
there is no normal outflow pathway from 
the left atrium.^19!? The levo-atrio-car- 
dinal vein may then act as an escape route 
for oxygenated blood into a cardinal venous 
derivative, usually the left innominate 
vein.’ This situation is functionally a 
left-to-right shunt as opposed to the direct 
connection between a persistent left 
superior vena cava and the left atrium 
which vields a right-to-left shunt. 

A levo-atrio-cardinal vein does not neces- 
sarily have a direct communication with 
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Fic, 2. The splanchnic plexus serves as an early com 
munication between the future pulmonary veins 
and the future venae cavae. (Redrawn from Harris 
et al”) 


the left atrial chamber but may be pres- 
ent in form of a connection between a 
pulmonary vein and the left innominate 
vein.'® Edwards? has also pointed out that a 
coronary sinus with a narrow termination 
in the right atrium may have a connection 
with the left atrium. In this instance, a 
primitive connection may have served as a 
collateral channel for coronarv venous 
drainage into a left pulmonary vetn early in 
development. When the pulmonary vein 
was partially incorporated into the left 
atrium, this channel may also have been 
effaced, permitting direct connection be- 
tween the coronary sinus and the left 
atrium.? 

The inferior vena cava has a complex 
embryologic history.”? The only common 
anomaly of the suprarenal segment is that 
of azygos continuation. This has been de- 
scribed in the literature as “absence of the 
inferior vena cava" and "persistence of the 
supracardinal system.” When the supra- 
renal segment of the inferior vena cava 
does not develop, the more caudal portion 
loses connection with the inferior aspect of 
the heart. The course for blood from the 
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infrarenal segment of the inferior vena 
cava is through the azygos vein to the 
right superior vena cava." If there is a left 
inferior vena cava present and the supra- 
renal segment fails to form, blood from the 
left inferior vena cava courses into the 
thorax via the left azvgos vein. This latter 
vein may enter a persistent left superior 
vena cava after coursing over the left hilus. 
If the left superior vena cava enters the 
left atrium, blood from the caudal part of 
the body would be shunted to the systemic 
circulation. 


CASE SUMMARIES 


Case 1. D.J., Hosp. No. 33-09-27. Two and 
one-half year old mildly cyanotic female who 
was always small for her age. A Grade 2/6 
systolic ejection murmur was heard at the 
cardiac base. The preoperative diagnosis after 
cardiac catheterization and cinecardioangiog- 
raphy was ostium primum type atrial septal 
defect with mitral insufficiency. At the time of 
surgery, a large atrial septal defect was found 
and there was also a short cleft in the mitral 
valve leaflet. A persistent left superior vena 
cava, about the size of the right superior vena 
cava, entered the left atrium as did the pul- 
monary veins. An innominate vein connected 
the left and right superior venae cavae. The 
coronary sinus was absent. A teflon patch was 
used to separate the atria. The persistent left 
superior vena cava was ligated and the cleft 
mitral valve leaflet repaired. Two days after 
surgery, the patient died with acute pulmonary 
edema. Postmortem examination revealed that 
the hepatic vein entered separately, medial to 
the inferior vena cava into the right atrium. 


Case 2. C.F., Hosp. No. 33-26-66. Thirteen 
year old female who was asymptomatic. She 
was referred by the school physician because 
of an apical systolic heart murmur and thrill. 
No cyanosis was noted. The preoperative diag- 
nosis after cardiac catheterization and cine- 
cardioangiography was ostium primum type 
atrial septal defect with mitral insufficiency. A 
persistent left superior vena cava was seen 
draining into the left atrium (Fig. 4). At the 
time of surgery, the right superior vena cava 
was found to enter the right atrium. An in- 
nominate vein connected the superior venae 
cavae. Also a small ostium secundum type 
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Fic. 3. A soft tissue density can be seen in the left upper mediastinum suggesting a persistent left superior 
vena cava in Cases 2, 4, 6 and 10. The marked decrease in cardiac size in Case 6 after reparative surgery is 
seen in 6a and 6b. The mild convexity noted along the left heart border in Case 10 slightly above the level 
of the left pulmonary artery corresponds to the left azygos vein as it courses over the hilus. Case 11 repre- 
sents dextrocardia with the stomach and liver on the right. The proximal small intestine is to the left of the 


midline. 
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Fic. 4. Case 2. A cineroentgenographic ‘rame with three catheters in place, one in the right pulmonary artery, 
one in the aorta and one in a persistent left superior vena cava having passed from the inferior vena cava 
through the right atrium, atrial septa! defect, and left atrium. Injection into the left superior vena cava 
opacifies the left atrium. There is ear y opacification of the left atrial appendage (arrow). 


atrial septal defect, as well as the primum de- 
fect, was present. The coronary sinus was 
absent. The atrial septal defects and cleft 
mitral valve leaflet were repairel. The left 
superior vena cava was ligated. The patient has 
done well postoperatively. 


Case 3. S.W., Hosp. No. 33-27-44. Six month 
old female who had frequent episoles of otitis 
media. A Grade 3/6 holosystolic murmur was 
heard along the left sternal borcer maximal 
at the third intercostal space. At the time of 
cardiac catheterization, the catheter passed into 
a left superior vena cava througa what was 
thought to be the coronary sinus (lig. 5). The 
postmortem examination showed tetralogy of 
Fallot with marked infundibular stenosis, a 
normal appearing pulmonary valve, and a pa- 
tent foramen ovale. A persistent eit superior 
vena cava was present between the left atrium 
and the left innominate vein. The right atrio- 
ventricular valve was bicuspid. Tac coronary 
sinus was absent. Additional anomalies in this 
patient included incomplete rotation of the 
colon, polycystic disease of the kidneys, and 
duplication of the cervix and vazma with a 
bicornuate uterus. 


Case 4. B.E., Hosp. No. 14-09-25. Nine year 
old female with mild cyanosis and shortness of 
breath on exertion. A loud systclm murmur 
was heard at the left third intercosta! space. On 
September 29, 1950 cardiac catheterization was 
performed through the left antecubital vein. 
The catheter passed through a persistent left 
superior vena cava into what was thought to 


be the coronary sinus and then into the right 
atrium (Fig. 6, Æ and B). Oxygen saturation 
data suggested the presence of an interatrial 
septal defect. In 1954 at the time of surgery, 
a persistent left superior vena cava was found 
entering the left atrium. The diagnosis of 
atrioventricularis communis was established 
at this time. The inferior vena cava and right 
superior vena cava entered the right atrium. 
Additional anomalies in this patient were mid- 
thoracic dextroscoliosis and hemivertebrae for- 
mation involving the second and third thoracic 
vertebrae. 


Case 5. J. D.C., Hosp. No. 26-61-48. Five and 
one-half vear old male who was operated upon 
first at 4 davs of age for an intestinal obstruc- 
tion. Cyanosis was first noted at 4 months of 
age. Cardiac catheterization and cinecardio- 
angiography indicated the diagnosis of tetralogy 
of Fallot. Àn end-to-side left subclavian to 
pulmonary artery anastomosis was performed 
when the patient was r4 months of age. Re- 
centlv, the patient had reparative surgery. The 
shunt established earlier in life was surgically 
closed. A left superior vena cava entered the 
superior portion of the left atrium. The atrial 
septum was thought to be intact. A right 
ventricle infundibular obstruction was relieved 
and a defect in the ventricular septum was re- 
paired. The left superior vena cava was trans- 
ferred to the right atrium, medial to the entry 
of the right superior vena cava. The status of 
the coronary sinus 1s unknown. 


Comment. Cases 1 through 5 represent 
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Fic. 5. Case 3. A cineroentgenographic frame which was thought te represent the catheter passing from the 
right atrium into a persistent left superior vena cava via the coronary sinus. This actually represents the 
catheter traversing the atrial septal defect and entering the persstent left superior vena cava via the left 
atrium. Film exposed in the left anterior oblique projection. 


examples of persistent left superior vena 
cava draining into the left atrium. The 
right superior vena cava was present in all 
cases and drained into the right atrium. 
The coronary sinus was absent in 3 cases. 
[Information regarding its presence or 
absence is not available in Cases 4 and 5. 


Case 6. K.P., Hosp. No. 33-12-84. Four year 
old female in "good health" until 3 weeks 
prior to admission when she developed mumps. 
At that time eipisodes of dyspnea and ortho- 
pnea were noted. No cyanosis or clubbing was 
present. À Grade 3/6 apical holosystolic mur- 
mur and a grade 3/6 mid diastolic murmur were 
heard over the cardiac apex. Cardiac catheter- 
ization and cinecardioangiography indicated 
absence of the right superior vena cava and 
drainage of a persistent left superior vena cava 
into the left atrium (Fig. 7 and 8). In addition 
there was evidence of an ostium primum type 
atrial septal defect and mitral insufficiency. At 
the time of surgery, a common atrium or a 
large atrial septal defect was found. The right 
superior vena cava was absent. The inferior 


vena cava was in normal position. The right 
innominate vein joined the left innominate vein 
and descerded as a left superior vena cava 
which entered the left atrium. No coronary 
sinus was present. The atria were partitioned 
with a tefon patch and a cleft in the mitral 
valve leaflet was repaired. The left superior 
vena cava was transferred to the right atrium. 
Postoperat velv the patient did well with 
roentgenographic evidence of marked reduction 
in heart size (Fig. 5, 6a and 6b). 


Comment. In this case the persistent left 
superior vena cava served as the only final 
pathway for venous drainage for the head 
and uppe- body, the right superior vena 
cava beinz absent. 


Case 7. J.M., Hosp. No. 26-38-97. Male seen 
at 2 days of age with esophageal atresia, tra- 
cheo-esophageal fistula and duodenal atresia. A 
Grade 3/6 systolic murmur was heard over the 
left third intercostal space. Postmortem ex- 
amination 5 weeks after birth revealed tricuspid 
valve atresia, ostium secundum type atrial 
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Fic. 6. Case 4. (4 and B) Spot roentgerograms of the catheter passing from the left antecubital vein into a 
persistent left superior vena cava. The eourse was thought to be through the coronary sinus and the right 
atrium into the right superior vena cava. At the time of surgery the persistent left superior vena cava was 
found to enter the left atrium. 





Fic. 7. Case 6. A cineroentgenographic frame with the catheter in the superior portion of the left atrium at the 
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l'1c. 8. Case 6. A cineroentgenographic frame with an injection in the right brachial vein. There is opacifica- 
tion of the innominate vein and the persistent left superior vena cava which in turn enters the left atrium. 
The left atrium and atrial appendage were opacified before the right atrium, excluding drainage of the per- 
sistent left superior vena cava into the coronary sinus. The right superior vena cava is absent. 


septal defect, hvpoplastic right ventricle and 
pulmonary artery, and a right aortic arch. An 
anomalous vessel connecting a cervical vein to 
the left atrium was found. The pulmonary veins 
entered the left atrium in a normal fashion. 
The coronary sinus was present. 


Case 8. B.S., Hosp. No. 24-02-92. One week 
old cyanotic male with a Grade 2/6 svstolic 
murmur heard along the left sternal border. 
The patient died 2 weeks after birth in severe 
congestive heart failure. Postmortem examina- 
tion revealed coarctation of the aorta between 
the left common carotid and the left subclavian 
artery, bicuspid aortic valve, atresia of the 
mitral valve, hypoplasia of the left ventricle, 
ventricular septal defect, patent ductus arterio- 
sus, and an unusual venous anomaly. There was 
a vein connecting the innominate vein and a 
left pulmonary vein. An additional connection 
berween the anomalous vein and a smaller vein 
which coursed along the left side of the vetebral 
column was noted (Fig. 9). 


Comment. Cases 7 and 8 represent ex- 
amples of a levo-atrio-cardinal vein associ- 
ated with other complex cardiovascular 





site of entry of the persistent left superior vena cava. 


anomalies. In Case 7 without mitral atresia, 
this vein served as a direct connection 
between the left atrium and a derivative of 
the cardinal svstem. In Case 8 with mitral 
valve atresia and absence of a defect in the 
atrial septum, the levo-atrio-cardinal vein 
served as the only drainage pathway for 
pulmonary venous blood from the left 
atrium. Even though this persistent col- 
lateral channel did not connect directly to 
the left atrium, its developmental and func- 
tional roles justifv usage of the term levo- 
atrio-cardinal vein. 


Case 9. R.C., Hosp. No. 21-79-90. Three 
month old male who was first seen by his 
physician because of a growth on the tongue. 
At the time of this examination, a loud svstolic 
murmur was heard along the left sternal border 
at the third and fourth intercostal spaces. No 
cyanosis or clubbing was present. At the time 
of cardiac catheterization, the catheter was 
introduced into the right saphenous vein and 
went to the left of the midline entering the 
heart at the level of the left atrium. Angio- 
cardiography was performed via the left femoral 


The catheter passed from the inferior vena cava into 


the right atrium and through the atrial septal defect into the left atrium. An injection of contrast medium 
at this site outlined the funnel configuration representing opacification of the superior portion of the left 
atrium and the entrance of the persistent left superior vena cava. The left atrial appendage (arrows), which 
is anterior, was better opacified on subsequent frames when the opaque medium filled the entire atrium. 
The two other catheters are in the right atrium and aorta. 
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l'iG. 9. Case 8. Diagram (not drawn to scale) of the 
heart and great vessels as studied at postmortem 
examination. Coarctation of the aorta, mitral valve 
atresia, hypoplasia of the left ventricle, ventricular 
septal defect and the levo-atrio-cardira! vein were 
found. SVC—superior vena cava; IV C—inferior 
vena cava; RPA—right pulmonary artery; LPA— 
left pulmonary artery; RPV—right pulmonary 
vein; LPV—left pulmonary vein; RA—right 
auricle; LA—left auricle; RV—tright ventricle; 
LV—left ventricle; PA—pulmonary artery; A— 
aorta. 


vein (Fig. 10, 4 and B). Later during the 
hospital course, the patient develooed severe 
diarrhea and rectal bleeding. This did not re- 
spond to therapy and the patient died after 4 
months of life. Postmortem examination indi- 
cated the presence of an anomalous left inferior 
vena cava with continuation into the thorax as 
the left azygos vein. The latter vem arched 
anteriorly over the hilus and joined the left 
superior vena which, in turn, drained into the 
left atrium. A right superior vena cava drained 
into the right side of the common atrium. 
There was absence of the interatriil septum, 
a small interventricular septal defect, a com- 
mon atrio-ventricular valve, and a bicuspid 
stenotic pulmonary valve. Other significant 
findings were ileitis and. ulcerative ascending 
colitis, ibromata of the tongue, syadactylism 
and polydactylism. The hepatic veins joined to 
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form a single vessel which entered the right 
atrium. A single spleen weighing 15 gm. was 
present. 


Case 10: J.C., Hosp. No. 34-49-24. Eight 
year old male with moderate cyanosis since the 
age of 4. He had very limited exercise tolerance 
and poor growth. A Grade 3/6 prolonged systol- 
ic ejection murmur and a systolic ejection click 
were heard along the left sternal border. Cardiac 
catheterization and cineangiocardiography were 
performed. The venous catheter was introduced 
into the right femoral vein and coursed upward 
to the left of the midline slightly above the level 
of the left hilus. It then passed anteriorly, 
entering the left atrium and then to the right 
atrium and right superior vena cava (Fig. 114). 
Injection of contrast medium into the left 
azygos vein opacified this vessel and outlined 
its course over the left hilus to join the per- 
sistent left superior vena cava (Fig. 12, Æ and 
B). On one occasion, the catheter entered the 
hepatic vein from the right atrium. Because the 
right ventricle could not be entered from the 
femoral vein catheterization, a second study 
was done 24 hours later. The right antecubital 
vein was catheterized and the catheter entered 
the right atrium and ventricle via the right 
superior vena cava. The catheter could also be 
passed from the right atrium to the left atrium 
into the persistent left superior vena cava (Fig. 
115). The diagnosis after these examinations 
was anomalous left inferior vena cava with con- 
tinuation into the thorax as the left azygos 
vein. The latter vessel entered the left atrium 
after joining the persistent left superior vena 
cava. Postmortem examination after cardiac 
surgery revealed a common atrium with the 
right superior vena cava and hepatic veins 
draining into the right side of the atrium. The 
persistent left superior vena cava after being 
joined by the left azygos vein entered the left 
side of the atrium. There was absence of the 
coronary sinus and a cleft in the anterior mitral 
valve leaflet. Twelve small splenic masses were 
noted in the region usually occupied by the 
spleen. An accessory lobe of the liver was found. 


Comment. Cases 9 and 10 are examples of 
anomalous left inferior vena cava with left 
azvgos continuation into the thorax. This 
azygos vein drains into a persistent left 
superior vena cava which in turn enters the 
left atrium. 


VoL. 94, No. 1 


Anomalous Svstemic Venous Connections 71 





Fic. ro. Case 9. (4 and B) Angiocardiograms with the injection of contrast medium into the left femoral 
vein, The anomalous left inferior vena cava with left azygos continuation into the thorax is opacified. The 
left azygos vein is seen coursing over the left hilus and joining the persistent left superior vena cava. The 


latter vessel is seen entering the left atrium. 


Case 11. M.A., Hosp. No. 55-10-65. Deeply 
cyanotic 6 week old male. A loud systolic heart 
murmur was heard over the right chest. Cardiac 
catheterization and cinecardioangiography were 
performed. The catheter was introduced into 
the right femoral vein and ascended in the 
abdomen to the left of the spine. Before enter- 
ing a posterior atrium, 1t crossed to the right 
of the spine. Postmortem examination revealed 
absence of the spleen and partial transposition 
of the abdominal viscera. There were 3 lobes 
present in both lungs. The cardiac malforma- 
tion consisted of large atrial and ventricular 
septal defects, mixed dextrocardia with mirror 
image ventricles and pivoted atria, atrioven- 
tricularis communis, transposition of the great 
vessels, pulmonary atresia, patent ductus ar- 
teriosus, total anomalous pulmonary venous 


drainage to the left superior vena cava which 
entered the systemic (left) atrium, absence of 
the coronary sinus, and absence of the right 
superior vena cava (Fig. 13). 


Comment. Case 11 represents an example 
of complex cyanotic congenital heart 
disease associated with asplenia and abdom- 
inal heterotaxia. The left superior vena 
cava drained anomalouslv into the left 
(svstemic) atrium after receiving the pul- 
monarv veins. The right superior vena cava 
was absent. 

DISCUSSION 


A. Persistent Left Superior Vena Cava 
Draining into the Left Atrium Associated with 
Other Cardiac Anomalies. The presence of a 
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Fic. 11. Case 10. (4) A cineroentgenog-aphic frame 
with the straight catheter in the aorta. The curved 
catheter was introduced through the right 
femoral vein and coursed to the left ot the midline. 
It passed upwards into a persistent left superior 
vena cava via an anomalous left inferior vena cava 
with left azygos continuation. From tne persistent 
left superior vena cava, it coursed through the left 
atrium, atrial septal defect and right «trium to the 
right superior vena cava. (B) The catheter was 
passed from the right antecubital vein into the 
right atrium, left atrium, and then mto the per- 
sistent left superior vena cava. An injection into 
this vessel indicates drainage into thc left atrium. 


left superior vena cava is not usually 
appreciated during analysis on p ain roent- 
genograms of the cardiovasculir system. 
Frontal roentgenograms of the chest may 
indicate widening of the left upper medi- 
astinum, and, occasionally, a separate 
? may suggest the presence of this 
vessel. The drainage of a persistent left 
superior vena cava usually occurs via the 
coronary sinus into the right atr um. In 10 
of 174 cases of persistent left superior vena 
cava collected by Winter,? drainage oc- 
curred into the left atrium and «ll of these 
patients had intracardiac septal defects. In 
another 11 of this group of 174 cases, the 
left superior vena cava connected with a 
common atrium or with a persistent sinus 
venosus. 


sh adow 
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In patients with partial transposition of 
the viscera, there is a significant incidence 
of persistent left superior vena cava 
draining into the left atrium.??:1255 In 5 of 
47 patients with persistent left superior 
vena cava reported by Campbell and 
Deuchar,? this vessel communicated with 
the left atrium. Three of these 4 cases had 
partial transposition. of the viscera. In 
I 5 of a group of 17 cases with a syndrome of 
congenital cardiac disease and asplenia 
reported by Ruttenberg et al." bilateral 
superior venae cavae with absent coronary 
sinus were present. In most of these 
patients, abdominal heterotaxia (7.e., right 
sided stomach and a nearly symmetric 
liver) was present. 

The demonstration of the site of com- 
munication of the persistent left superior 
vena cava does not necessarily indicate the 
direction of the blood flow. This is shown 





FiG. 12. Case 10. Cinercentgenographic frames with 
the catheter in the left azygos continuation of an 
anomalous left inferior vena cava. The contrast 
medium outlines azygos drainage into a persistent 
left superior vena cava which in turn enters the 
left atrium. (4) Left anterior oblique projection. 
(B) Posteroanterior projection. 
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Fic. 13. Case 11. A cineroentgenographic frame with the catheter in the anomalous inferior vena cava. There 
is mixed dextrocardia present with mirror image ventricles and pivoted atria. The inferior vena cava (7) is 
opacified and drains into the pulmonary (right) atrium which is posterior (1). Some opaque medium has 
passed into the left ventricle (4) and the systemic (left) atrium (3). The appendage of the posterior (right) 
atrium is opacified (2). There is reflux opacification of the hepatic vein (6) and aortic opacification (5). 


by the case reported by Odman:” a persist- 
ent left superior vena cava communicated 
with a pulmonary vein and the left atrium. 
The contrast medium injected into the pul- 
monary artery, upon returning from the 
pulmonary circulation, opacified the left 
superior vena cava, the innominate vein 
and right superior vena cava. 

In cases with two superior venae cavae, a 
communication between the right and 
left in the form of an innominate vein 
may or may not be present.?® 33 

[n patients with a persistent left superior 
vena cava draining into the left atrium, 
one or more of the pulmonary veins may 
drain into the left atrium, right atrium, 
right superior vena cava, left superior vena 
cava, innominate vein, sino-atrial cham- 
ber, or a common atrium.? 

Cardiac anomalies reported in patients 
with a persistent left superior vena cava 
communicating with left atrium are: atrial 
septal defect,??^33 single atrium?! yen. 
tricular septal defect,?!^1^9? single ven- 


> y 


Fallot,?:» 5. 12,17,33,34 
pulmonarv 
truncus ar- 
the great 
aorta” 


caval 


tricle,^? tetralogy of 
patent ductus arteriosus; 
stenosis and atresia,!?.14.16.31,31 
33 transposition of 
coarctation of the 
inferior vena 


teriosus, 
vessels,? 3t 
dextrocardıia,”’ and 
anomalies * 29,3134 
B. Communication of Persistent Left 
Supertor Vena Cava and Coronary Sinus 
with Both Left and Right Atria. The persist- 
ent left superior vena cava before reaching 
the right atrium courses onto the surface of 
the left atrium and has a connection with 
the left atrium.?^???5 [n a case reported by 
McCotter,?" the left superior vena cava 
became dilated in its terminal portion and 
an oval foramen connected this vessel and 
the left atrium. Mankin and Burchell’s” 
case Is of special interest. The right pul- 
monary vein drained into the left superior 
vena cava which in turn emptied into the 
coronary sinus. This was hemodynamically 
largely corrected by an anomalous opening 
between the coronary sinus and left atrium. 
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C. Levo-4trio-Cardinal Fein. Vhis group 
includes an anomalous connecti on between 
the left atrium or a pulmonary vein and anv 
derivative of the cardinal venous system.’ 
Mitral atresia with a narrow or closed 
foramen ovale may be associated with the 
persistence of a collateral communication 
between the left atrium and the cardinal 
venous system. ^^?! "his persistent col- 
lateral vein serves as a drainage pathway 
for pulmonary blood in the absence of anv 
other exit from the left atrium. However, 
in a case reported bv Harris e af.” under 
the name "jugulopulmonarv vein," the 
persistent collateral vessel connected the 
left atrium to the right internal jugular 
vein in the presence of a patent mitral 
valve. The opening of the coronary sinus 
into the right atrium was atretic in this 
patient and it drained through a persistent 
left superior vena cava into the left innom- 
inate vein. 

A levo-atrio-cardinal vein mav connect a 
pulmonary vein and a systemic vein as 
seen in a patient reported bv Lucas e af! 
The angiographic examination. of this 
patient demonstrated the pulmonary 
venous drainage through the collateral 
vein to the innominate vein, right superior 
vena cava, and finally to the right atrium. 
This patient had an atretic mitral valve. 

As indicated under embrvologv, com- 
munication of the coronary sinus and left 
atrium may be considered a form of levo- 
atrio-cardinal vein. In this situation the 
opening of the coronary sinus into the right 
atrium may be stenotic or atretic.!" Com- 
munication of the coronary sinus and left 
atrium as an isolated anomaly is of no 
clinical significance? Associated anomalies 
mav be an anomalous connection of the 
pulmonary vein to the left innominate 
vein!" or persistent left superior vena cava 
connected to the right pulmonary vein.?? 

D. Drainage of a Major Systemic Vein 
into the Left Atrium As an Isolated dnomaly. 
Diagnosis of this type of anomaly 5 9:15253? 
is verv important because of the excellent 
surgical results obtainable.!5 Cyanosis out 
of proportion to the apparent physical and 


more diluted than usuallv 
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cardiac status of the patient, left ventric- 
ular enlargement, and lack of roentgen 
hndings compatible with other forms of 
cvanotic heart disease should make the 
correct diagnosis possible.*!* This anomaly 
Is compatible with full cardiac competence 
until middle age.” Davis ef alt reported a 
case of a persistent left superior vena cava 
draining into the left atrium. Kirsch e al!" 
desc ribed a right superior vena cava drain- 
ing into the left atrium which was success- 
tully corrected by surgical transposition of 
the anomalous vessel to the right atrium. 
The angiocardiographic examination of 
this patient with a left antecubital vein 
injection of contrast medium demonstrated 
anomalous drainage of the right superior 
vena cava into the left atrium. With a right 
venticular injection, the upper pulmonary 
vein was seen to enter the left atrium in a 
more caudad position than normal and the 
contrast medium reaching the aorta was 
anticipated. Ín 
the patient of Tuchman ef al, with 
anomalous drainage of a persistent left 
superior vena cava into the left atrium, a 
diagnosis of polycythemia rubra vera was 
entertained before cardiac catheterization. 
Gardner and Cole's? patient with interior 
vena caval drainage into the left atrium 
survived to adult lite. Another case with a 
similar anomaly was described by Meadows 
et al.” 

E. Drainage of Both the Superior. Vena 


Cava and Inferior Vena Cava into the Left 
Atrium. Vhis is a rare anomaly which 


may be associated with small right ven- 
tricle, atresia of EIS pulmonarv arterv, and 
tricuspid atresia." 

F. Jzygos Vein and/or Hepatic Fein 
Dreining into the Left Atrium. In the 
absence of the suprarenal portion of the 
inferior vena cava, the azygos veins may 
become major sources of drainage of blood 
from the lower half of the body. In 2 of our 
patients (Cases 9 and 10) the left azygos 
after joining a persistent left superior vena 
cava drained into the left atrium. The 
hepatic vein may enter a common atrium 
close to the pulmonary veins.” 
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PRACTICAL SIGNIFICANCE OF THE 
DIAGNOSIS OF THESE ANOMALIES 

5. Drainage of a systemic vein into the 
left atrium as an isolated anomaly pro- 
ducing a right to left shunt is amenable to 
surgical correction. 

2. Diagnosis and surgical management of 
anomalous systemic venous drainage as a 
complicating factor of other congenital 
cardiac lesions would improve the con- 
dition of the patient and tend to decrease 
cyanosis. ^ [n a patient reported by 
Diaz and Anido with tetralogy of Fallot 
and anomalous systemic venous drainage 
following closure of the left superior vena 
cava-lett atrial connection, the hematocrit 
dropped from gi per cent to 56 per cent. 
In Feindt and Hauch’s" case with Eisen- 
menger's syndrome, the oxvgen saturation 
increased from 70 per cent to 84 per cent 
folowing ligation of the connection be- 
tween the left superior vena cava and the 
left atrium. 

3. In a patient with either single atrium, 
large atrial septal defect particularlv of the 
ostium primum type with mitral insuth- 
ciencv, anomalous inferior vena cava, iso- 
lated levocardia with situs inversus abdom- 
inalis, or the syndrome of visceral svm- 
metry with asplenia, a careful search for a 
persistent left superior vena cava-left 
atrial connection should be made. In our 
series of g cases of persistent left superior 
vena cava-left atrial communication, 7 had 
large atrial septal defects. In 4 cases mitral 
insufficiency was demonstrated bv cine- 
cardioangiography. If during cardiac cath- 
eterization in a patient with atrial septal 
detect the catheter enters the left superior 
vena cava from what is considered to be 
the right atrium, angiocardiography in 
frontal and lateral projections is recom- 
mended to be certain that the vessel does 
not enter the left atrium. 

4. Recognition of the anomalous svs- 
temic venous connection does not necessar- 
ily reveal the direction of blood flow. A 
pulmonary artery injection of contrast 
material mav bring about opacification of 
the left atrium from the pulmonary veins. 
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The anomalous vessel mav then become 
opacified, indicating flow awav from the 
heart to the systemic circulation. 

5. knowledge of the presence of a per- 
sistent left superior vena cava and its 
drainage site is essential in planning can- 
nulations for cardiopulmonary bypass, 
and in planning superior vena cava-pul- 
monary artery anastomotic procedures. 

6. In patients with a primum type atrial 
septal defect and persistent left superior 
vena cava, the funnel shape entrance of this 
vessel mav extend to the site of the defect 
in the septum. With an absence of the 
anterior wall of the funnel, the posterior 
aspect mav form a part of the posterior wall 
of the left atrium. Recognition of this com- 
plicated type of atrial septal defect is of 
importance. 

SUMMARY 


Ditterent types of anomalous systemic 
venous connection to left atrium or to à 
pulmonary vein are described and the 
developmental origin of some of these 
anomalies is discussed. 

Drainage of a systemic vein into the left 
atrium as an isolated anomalv can be sus- 
pected chnically and proven by cardiac 
catheterization and angiocardiography. 
Such a lesion is amenable to complete 
surgical correction. The recognition of these 
anomalies in conjunction with other con- 
genital heart lesions is of practical impor- 
tance in the surgical management of these 
patients. 

The association of persistent left superior 
vena cava-lett atrial connection with an 
ostium primum type atrial septal defect 
and absence of the coronary sinus is empha- 
sized. 

Hooshang Taybi, M.D. 
Division of Pediatric 

Roentgenology 
Children’s Hospital 
3700 California Street 
San Francisco, Calif. 94119 
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INFUNDIBULAR OBSTRUCTION SECONDARY TO 
PULMONARY VALVULAR STENOSIS* 
By RICHARD G. LESTER, M.D., ROBERT T, OSTEEN, A.B.,+ 
and ARVIN E. ROBINSON, M.D. 


RICHMOND, VIRGINIA 


T 


BSTRUCTION of the right ven- 


tricular outflow tract is seen in tetral- 





ogv of Fallot and also in certain cases of 


pulmonary valvular stenosis with an intact 
ventricular septum. It 1s the purpose of the 
authors to show that these diseases differ 
significantly in the pathophysiology of the 
infundibular obstruction and that this 
knowledge may be useful in the surgical 
management of patients with infundibular 
obstruction secondary to pulmonary valvu- 
lar stenosis. 

Tetralogy of Fallot represents a primary 
form of outflow tract obstruction caused by 
developmental anomalies. [In pulmonary 
valvular stenosis with an intact ventricular 
septum, on the other hand, contraction of 
hypertrophied muscle bundles mav narrow 
the outflow tract, causing a secondarv 
form of obstruction. There is evidence 
that in some but not all cases of secondarv 
infundibular hypertropy there is resolution 
of the infundibular narrowing following 
valvulotomv. 

It is essential that those patients with 
primary pulmonary valvular stenosis in 
whom the infundibular narrowing will 
resolve be separated trom those in whom it 
will not prior to surgery. This will permit 
the evaluation of the need for infundibular 
resection in addition to valvulotomy. In 
this paper, evidence 1s presented indicating 
that it may be possible to separate these 
groups bv means of quantitative angio- 
cardiographic techniques. 

The phenomenon of infundibular hyper- 
trophy secondary to pulmonary valvular 
stenosis has been noted and reported since 
Kirklin e¢ a^? described 6 such cases in 
1953. Brock!” showed that this mfundib- 
ular thickening would regress after val- 


vulotomy. He discussed 60 patients with 
high right ventricular pressures post- 
valvulotomy. Seventeen of the 60 patients 
had infundibular resections. Of those who 
did not have infundibular resection, 4 died. 
All but 8 of the remaining patients showed 
regression of the infundibular stenosis when 
examined 2 vears postoperatively. Johnson? 
reported 11 cases, 3 of which had incom- 
plete regression of the infundibular thicken- 
ing. Engle and his associates! reported 3 
patients in whom there were electrocardio- 
graphic signs of alleviation of right ven- 
tricular hypertrophy 6 to 20 months after 
valvular surgery. Kjellberg ef 47.5 reported a 
case in which angiocardiography $ months 
postoperatively showed relief of the infun- 
dibular stenosis. 

There is some evidence that the tvpe of 
surgerv performed influences the behavior 
of the infundibulum. Johnson? showed that 
infundibular stenosis occurred in 21 per 
cent of his patients following transven- 
tricular valvulotomy and in 77 per cent 
after open valvulotomy through the pul. 
monary arterv. His explanation was that 
the latter technique permitted more suc- 
cessful elimination of the valvular stenosis 
and more complete emptving of the ven. 
tricle. The effect on the infundibular steno- 
sis was thus increased. 

Efforts to evaluate infundibular stenosis 
have been directed along several lines. 
Hosier, Pitts and Taussig? have reported 
that, it the postoperative right ventricular 
pressure was below 100 mm. Hg, the heart 
size decreased and the patients did well. 
Johnson® stated that the 3 cases with 
infundibular obstruction which he was 
unable to relieve also had pressures above 
100 mm, Hg. 


* From the Departments of Radiology and Medicine, Medical College of Virginia, Richmond, Virginia. 
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Watson eż al? and Parizel'? have em- 
ployed angiocardiography to determine the 
presence and degree of secondary infun- 
dibular hypertrophy. 

Little eż a/.° measured the base of the pul- 
menary artery and the infundibulum as 
seen on angiocardiograms to quantitate 
the degree of infundibular obstruction. 
They found that the infundibular thicken- 
ing was significant when the ratio of the 
diameter of the base of the pulmonary ar- 
terv to the diameter of the infundibulum in 
svstole was less than o.4«. 


MATERIAL AND METHOD 


[he files of the Medical College of Vir- 
ginia contained selective angiocardiograms 
of Ig patients with pulmonary valvular 
stenosis with an intact ventricular septum 
that were adequate for quantitative study. 
Ore patient (N.H.) had associated tricus- 
pid insuthciency and an atrial septal defect 
with a right-to-left shunt. Another patient 
(F.W.) had a coarctation of the right pul- 
menary artery. All others had uncompli- 
cated pulmonary valvular stenosis. Of these 
Ig patients, g had significant infundibular 
obstruction. Measurements were carried 
out on these 9 patients. 

In addition, 42 cases of tetralogy of Fal- 
lor were studied for a comparison of the in- 
fundibulum with that in uncomplicated 
valvular stenosis. 

Angiocardiograms were made on a bi- 
plane Schónander Elema rapid film changer 
at a focal-him distance of 4c inches. Most 
hlms were exposed in a sequence of 6—4—4-—4 
per second. In everv case selective angio- 

cardiographv was performed through a 
side-hole catheter placed in the right ventri- 
cle. 

Measurements were made of the: (1) in- 
fundibulum in svstole and diastole; (2) 
transverse diameter of the chest; (3) trans- 
verse diameter of the heart; (4) diameter 
of the jet of opacified blood passing through 
the stenotic valve; ;and (5) diameter of the 
base of the pulmonary artery. 

The measurements were made on the 
films exposed in lateral projection during 
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the first second of the sequence. 

The infundibulum was measured at its 
narrowest point in svstole and at the same 
point in diastole. The site of maximal con- 
traction varied from patient to patient. 
Measurements were made at the level of the 
location of the crista supraventricularis in 
some, at the parietal band in others. 

RESULTS 

Measurements in 42 cases of tetralogy of 
Fallot revealed that the outflow tract be- 
haves as a fixed stenosis. The lumen is nar- 
rowed to approximately 3 the diastolic di- 
ameter when the ventricle contracts. The 
average ratio of the diameter of the infun- 
dibulum in systole to diastole was 0.56 with 
a range d 0.33 to 1.00 (Table 1, Fig. 1, 4 


and &). The shape of the infundi bulum in 
various cases varies from that of a smooth 
cylinder to those with maximum constric- 


tion of the area of the crista supraventricu- 
laris with formation of a "third ventricle" 
(dilated distal right ventricular outflow 
tract). A few showed anomalous insertions 
of the septal and parietal bands. 

Measurements in the 9 cases of pulmo- 
nary valvular stenosis with secondary infun- 
dibular hypertrophy are presented in Table 
uU. In these, it was found that the infun- 
dibulum was much more dynamic than in 
tetralogy of Fallot (Fig. 2, 4 and B). The 
average ratio of the diameter of the infun- 
dibulum in systole to diastole was 0.25 with 
a range of o.11 to 0.30. That is, in de aver- 
age case the outflow tract in svstole was 
narrowed to } its diastolic diameter. 

In 4 of the g patients, the left pulmonary 
artery was larger than the right (Table n). 


Average of on ge of 


No, of | Systole/ Svstole/ 
lvpe Cases Diastole Diastole 
Ratio Ratio 
Tetralogy of 
Fallot 42 .$6 .33-1.00 
Pulmonary 
II- .30 


Stenosis 9 „2g 
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l'16. 1. (4) Tetralogy of Fallot showing infundibular stenosis in diastolic phase. The ventricular septal defect 
8) - | : | ne 3 
and the aortic opacification through the right to left shunt can also be seen. (B) Same patient in systolic 
phase. Note the relatively fixed caliber of the infundibular stenosis. 
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MEASUREMENTS 


ON ANGIOCARDIOGRAMS OF PATIENTS WITH PULMON 


ARY STENOSIS AND SECONDARY 


INFUNDIBULAR HYPERTROPHY 
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CPAs Left pulmonary artery. 

RPA= Right pulmonary artery. 
Jet=Opacified blood passing through 
TI Tricuspid insufficiency. 

ASD x Atrial septal defect. 


the stenotic valve, 


Catheterization findings are presented in 
Table ne. Of the 8 patients in whom data 
were available, only 4 had pressure gradi- 
ents from the inflow to the outflow tract of 
the right ventricle. 

Five of the patients were subjected to 
surgery. Following open valvulotomy under 
hypothermia, 1 patient (M.S.) had a right 
ventricular pressure of 75 mm. Hg. One 
vear later his right ventricular pressure had 
decreased to 45 mm. Hg, indicating regres- 
sion of the infundibular stenosis. Another 
patient (L.W.) had an extremely active in- 
fundibulum which was 9 times as wide in 
diastole as it was in svstole (Fig. 3, .7 and 
D. Because the outflow tract was constrict- 
ed to 2 mm. in svstole, it was felt that val- 
vulotomy without infundibular resection 


AE 
EK 


might result in occlusion of the outflow 
tract by the hypertrophied muscles. There- 
fore, valvulotomy and infundibular resec- 


tion were carried out. 


DISCUSSION 


At least 3 factors may prevent adequate 
function of the right ventricle during the 
period immediately following valvulotomy 
for pulmonary valvular stenosis: (1) the 
pulmonary annulus may be too small; (2) 
the right ventricular cavity may be inade- 
quate; and (3) there may be obstruction of 
the outflow tract. In the patients consid- 
ered here, neither the annulus nor the ven- 
tricular cavity appeared small. The study 
was, therefore, concentrated on the third 


factor; namely, the infundibular stenosis. 


Fis. 2. Pulmonary valvular stenosis with secondary infundibular hypertrophy. (4) Diastole. (5) Systole. 
The dynamic nature of the infundibular thickening is well demonstrated. The ratio is 0.25 in this case. 
Note also the doming of the pulmonic valve in systole and the jet of opacified blood across the valve. 
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RV = Right ventricle. 
RA= Right atrium, 


MPA = Main pulmonary artery, 
LICS = Left intercestal space. 


Eight of the g patients in this study met the 
criteria proposed by Little e£ al.” to deter- 
mine the significance of secondary infun- 
dibular hypertrophy, 7.e., infundibulum to 
pulmonary bulb ratio less than 0.45 (Table 
11). 

In evaluating patients with a combined 
valvular and infundibular stenosis, 2 fac- 
tors must be considered. First, the effect of 
the infundibular obstruction may be en- 
hanced by relieving the valvular stenosis, 
resulting in heart failure during the post- 
operative period. Secondly, the hvpertro- 


phied outflow tract mav not regress after 
valvulotomv. 

Patients with a moderate degree of infun- 
dibular stenosis tolerate surgery well. For 
example, 1 patient (D.B.) (Fig. 2, Z and B) 
had a svstolic/diastolic infundibular ratio 
of 0.25 and a svstolic/bulb ratio of the 
same. Even with this degree of stenosis, she 
had a successful postoperative course. On 
the other hand, in patient L.W. (Fig. 3, d 
and B) infundibular resection in addition 
to pulmonary valvulotomv was carried out 
because the marked narrowing of the intun- 
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FIG. 3. 
maximal contraction of the infundibulum. The domed valve and the jet are demonstrated. (B) Late systole. 
The valve has closed. The systolic-diastolic ratio 1s 0.11. 


dibulum in systole suggested that the infun- 
dibular stenosis might be enhanced by re- 
lieving the valvular stenosis. 

Of the 4 patients who did not have infun- 
dibular resections, 1 had catheterization 
proof of regression and the others had elec- 
trocardiographic changes in the direction of 
normal. Therefore, none of the patients 
studied appeared to have nonregressing in- 
fundibula. 

A comparison of the data in these 9 pa- 
tients with those obtained from the 42 pa- 
tients with tetralogy of Fallot provides a 
basis for conjecture about the nonregressing 
infundibulum. We have shown that in these 
conditions there is a significant difference in 
the movement of the infundibular muscles 
during the cardiac cycle. It would seem 
that any change in the hypertrophied 1n- 
fundibulum of pulmonary valvular stenosis 
that would make it more like the fixed ste- 
nosis of tetralogy of Fallot would decrease 
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Pulmonary valvular stenosis with secondary infundibular hypertrophy. (4) Early systole before 


the chanee of regression after valvulotomy. 
There is some indication that the amount of 
fibrous tissue in the infundibulum of pa- 
tients with pulmonary valvular stenosis 1n- 
creases with age.? It seems likely that this 
is related to an increased potential for fail- 
ure to regress with age. 

The following points are emphasized: (1) 
the significance of the infundibular obstruc- 
tion may be determined by the Little e al.’ 
ratio of systolic diameter of the infundibu- 
lum/diameter of the pulmonary bulb; (2) 
in all cases of tetralogy of Fallot, the mea- 
surements made in this study (infundibular 
systolic diameter/infundibular diastolic 
diameter) were greater than 0.33; (3) in 
all cases of pulmonary. valvular stenosis 
in this series, the infundibular systolic/ di- 
astolic ratio was less than 0.30; and (4) on 
this basis, one may predict that an infundib- 
ulum with significant obstruction as meas- 
ured by Little and co-workers’ ratio and an 
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infundibular systolic/diastolic ratio greater 
than 0.30 may not regress following valvu- 
lotomv. 

The incidental finding that the left pul- 
monary artery was larger than the right in 
4 of our patients was the result of jet 
streams of blood through the stenotic valve 
directed toward the left pulmonary artery. 
A reflection of this is often seen during 
Huoroscopic studies where the left pulmo- 
nary artery pulsates more vigorouslv than 
the right. 


SUMMARY 


The behavior of the infundibulum in g 
cases of pulmonary valvular stenosis with 
secondary infundibular thickening has been 
compared with 42 cases of tetralogy of Fal- 
lot. Data are presented to show that the hy- 
pertrophied infundibulum expands and con- 
tracts toa much greater degree than the in- 
fundibulum in tetralogy of Fallot. 

A quantitative technique is presented for 
distinguishing the dynamic from the fixed 
infundibular stenosis in patients with pul- 
monary valvular stenosis and secondary 
infundibular thickening. It is believed that 
the ratio employed by Little ez 27." (svstolic 
diameter of the infundibulum diameter of 
the pulmonary bulb) combined with the in- 
fundibular systolic /diastolic ratio may pro- 
vide objective evidence for a fixed infun- 
dibular stenosis that will require resection 
in addition to pulmonary valvuletomy. 


Richard G. Lester, M.D. 
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ETRALOGY of Fallot is the most 

common cvanotic congenital cardiac 
detect which is compatible with life bevond 
infancy and early childhood." For the 
preoperative evaluation of this defect, the 
angiocardiographic examination should ab 
low an assessment of the condition of the 
outflow tract of the right ventricle, with 
special reference to the character of the 
infundibular stenosis." In 1:954, Hilario 
ef al?’ noted that there is often a discrep- 
aney between the appearance of the right 
vertricular outflow tract on angiocardi- 
ography and the results of catheterization 
across it. They used serialographic intra- 
venous angiocardiograms to demonstrate 
that the form and caliber of the infun- 
dibulum of the right ventricle in Fallot's 
tetrad has great variations during different 
phases of the cardiac cycle. The contraction 
of the infundibulum was occasionally 
sufficient to occlude almost completely the 
infundibulum during systole. These obser- 
vations were verified hemody namically by 
Rodbard and Shaffer? by the simultaneous 
recording of the pressures in the right 
ventricular cavity and in the infundib- 
ulum. It was demonstrated that in 
tetralogy of Fallot the pressures in the two 
chambers began to rise together during 
isometric contraction and for a variable 
part of the ejection phase (usually 0.1 sec.), 
but that the infundibular pressure then 
began to fall, even though the right ven- 
tricular pressure rose. It was postulated 





that this was due to dynamic narrowing of 


the infundibulum during early or mid- 
systole, probably due to muscular con- 
traction. 


It was once thought that the obstruc- 
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tion to palmonary blood flow in tetralogy 
of Fallot was fixed.” Catheterization 
studies, however, have subsequently dem- 
onstrated that, in addition to the cvclical 


alterations of the cross-sectional area of 
the right ventricular. infundibulum, per- 


sistent spasm of the infundibulum could 
occur)?" The magnitude of the infun- 
dibular obstruction was shown to become 
more severe coincident with the appear- 
ance of or increase in cyanosis, or the 
loss of consciousness. A consistent shorten- 
ing, softening and eventual disappear- 
ance of the pulmonary svstolic murmur 
was noted, paralleling the fall in arterial 
oxvgen saturation. When unconsciousness 
occurred, no murmur at all was heard, 
suggesting a state of functional pulmonary 
atresia.” The purpose of this communica- 
tion 1s to report and discuss the phenom- 
enon by which the angiocardiogram in a 


patient with tetralogy of Fallot may 
present the appearance of pulmonary 


atresia (Fig. 2, 4-H) when, in fact, the 
right ventricular outflow tract 1s patent. 


REPORT OF A CASE 


P.G., NAH. #02-16-49. This 6 year old white 
female was admitted to the National Heart [n- 
stitute on September 28, 19:28. A heart murmur 
and cyanosis had been present since birth. 
While her growth and development were nor- 
mal, she was dyspneic with exertion and 
squatted to rest. She had episodes of intense 
paleness aad weakness without syncope which 
lasted § to 10 minutes, followed by tachycardia 
and intense cyanosis. Conventional roentgeno- 
grams revealed a "coeur en sabot” configura- 
tion, At cardiac catheterization in June, 1964, 
right ventmcular pressure was 80/0 and femoral 
artery pressure was 85/70. The pulmonary ar- 
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Fic. 1. Intravenous angiocardiogram made in 1955 
demonstrating excellent simultaneous filling of the 
aorta and pulmonary arteries. Ao. — aorta; P.A.= 
pulmonary artery. (Courtesy of N. A. Antonius, 
M.D., St. Michael Hospital, Cardiac Center, 
Newark, New Jersey.) 


tery was not entered. A peripheral venous an- 
giocardiogram at an outside hospital (Fig. 1) 
showed simultaneous filling of the aorta and 
pulmonary artery, and a right aortic arch. 
Physical examination on admission in 1958 re- 
vealed a deeply cyanotic girl with a blood pres- 
sure of 94/70 and a regular pulse of 88. The 
pulmonic second sound was present but was 
diminished. There was a harsh svstolic murmur 
along the left sternal border, loudest in the left 
second intercostal space. On this admission, 
right heart catheterization revealed a right 
ventricular pressure of 100/o and a pulmonary 
artery pressure of 9/4. A nitrous oxide test in 
the right ventricle was 27 per cent while a right 
ventricular cardiogreen dye curve showed a 
right-to-left and a left-to-right shunt. Right 
ventricular angiocardiography (Fig. 2, 4-H) 
demonstrated a high interventricular septal 
defect with filling of the left ventricle. All of the 
contrast material from the right ventricle ap- 
peared to go out the aorta. A narrowed, pointed 
infundibulum of the right ventricle. ended 
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abruptly and had the appearance of an atretic 
outflow tract. Because of the misleading angio- 
cardiographic findings, a subclavian-pulmonary 
artery anastomosis was elected as the treatment 
of choice and was performed. Exploration at the 
time of surgery demonstrated that the outflow 
tract of the right ventricle was patent and 
morphologically amenable to complete correc- 
tion and that the pulmonary arteries were ade- 
quately developed. 

Postoperatively, the patient did well and re- 
gression of the right ventricular hypertrophy 
was noted on the electrocardiogram. Four years 
later, however, she developed increased cyano- 
sis, lack of energy and chest pain on mild exer- 
tion. No signs of congestive failure were present. 
She was readmitted on July 21, 1963 at which 
time a harsh Grade 111/v1 systolic murmur was 
heard along the left sternal border. Although a 
soft continuous murmur was heard over the left 
chest, it was thought that the systemic-pul- 
monary artery anastomosis was no longer ade- 
quate and that a Brock-type pulmonary valvot- 
omy and infundibular resection was indicated. 
At operation, the interventricular septal defect 
was noted to be high in the membranous sep- 
tum and to measure about 2 cm. in diameter. 
Above this level a discrete concentric “bar-like” 
narrowing of the outflow tract was found which 
was continuous with the crista supraventricu- 
laris. The pressure in the right ventricle was 75 
mm. Hg and equal to systemic. A gradient of 
about 2; mm. Hg appeared to be present across 
the pulmonic valve and a gradient of 25 to 30 
mm. Hg was present across the discrete infun- 
dibular obstruction, about 2 cm. proximal to the 
pulmonic valve. After pulmonary valvotomy 
and infundibular resection, the pulmonary ar- 
tery pressure was 1; mm. Hg and the right 
ventricular pressure was between §5 and 60 
mm. Hg. During the procedure, the patient de- 
veloped a right bundle branch block. 

[n the 8 months following this second surgical 
procedure, the patient had several episodes of 
congestive failure which ultimately became in- 
tractable. She was thus readmitted on February 
12, 1964 at which time she had a Grade ii1/vi 
pansystolic murmur and a short diastolic mur- 
mur along the left sternal border. After appro- 
priate therapy which improved her condition 





moderately, a cardiac catheterization revealed 
a pulmonary artery pressure of 90/25 and a 
radioactive krypton of 83 per cent. The right 
ventricular pressure was also 90/25 with a 
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Fic. 2. Selective right ventricular angiocardiograms of the same patient as in ligure 1, made in 1958 in 
frontal (4 through D) and lateral (E through Æ) projections, demonstrating an appearance of pulmonary 
atresia in a patient with tetralogy of Fallot who had patency of the pulmonary outflow tract subsequently 
proved. This series of roentgenograms demonstrates a small amount of contrast material in the right ven- 
tricular infundibulum (INF.) in Æ and F. The tapered contrast shadow in 4 (arrow) probably represents 
contrast material beneath the aortic valve, although it might be interpreted as being in the right ventricu- 
lar infundibulum. The only great vessel which can be seen filling from the ventricles 1s the aorta (Ao.). 
The main pulmonary artery (P.A.) is seen to opacify faintly, but the source of the opacification is not iden- 
tified. The left and right ventricular cavities (L.V. and R.V.) and the ventricular septal defect (V.S.D.) 
are clearly delineated. Note that a portion of the contrast material was injected into the myocardium 


anteriorly (E and F). 


radioactive krypton of 77 per cent. The right 
atmal mean pressure was 20 mm. Hg. The im- 
pression was that of a left-to-right shunt 
through the ventricular septal defect with a 
pulmonary-to-systemic flow ratio of 6:1, pul- 
monary hypertension, severe pulmonary insuf- 
ficiency and tricuspid insufficiency. It was felt 
that the patient was in the best clinical condi- 
tion which could be achieved, and she was taken 
to the operating room with the idea of closing 
the ventricular septal defect. However, cardiac 
arrest occurred upon induction of anesthesia. A 
cardiopulmonary bypass was instituted and the 
septal defect was closed, but cardiac action was 
inadequate after termination of perfusion and 


resuscitation was not possible. Postmortem 
examination revealed the findings of tetralogy 
of Fallot in which a Blalock shunt and a Brock 
infundibular resection had been performed 
(Fig. 3). 


DISCUSSION 

Although the obstruction to pulmonary 
blood flow in this patient was very severe, 
the presence of a harsh pulmonic systolic 
ejection murmur, the passage of a catheter 
into the pulmonary artery during right 
heart catheterization, the demonstration 
of excellent filling of the pulmonary arteries 
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Postmortem roentgenogram of barium in- 


Fie. 3. 
jected heart of patient with tetralogy of Fallot 
whose angiocardiograms are shown m Figures 1 


and 2, demonstrating that the infundibulum of 
the right ventricle (INF.) is not atretic. The pul- 
monary artery (P.A.), aortic root (Ao.) and ven- 
tricular septal defect (V.S.D.) are seen filled with 
contrast material. 


simultaneously with the aorta on an earlier 
occasion (Fig. 1), and the demonstration 
of a developed outflow tract at surgerv all 
served to verifv that this patient did not 
have pulmonary atresia. The possible 
explanations for diminished filling of the 
pulmonary arteries during angiocardi- 
ography in tetralogy of Fallot,in addition to 
infundibular spasm, include marked pe- 
ripheral vasodilatation causing a large 
amount of right-to-left shunting, and pul- 
monary vasoconstriction causing a marked 
increase in pulmonary vascular resistance. 
It has been shown by Wood" and by 
Braudo and Zion, however, that in tetral- 
ogy of Fallot, neither an increase in pul- 
monary vascular resistance nor a decrease 
in peripheral resistance need occur during 
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episodes of increased right-to-left shunting 
such as is seen with cyanotic spells or 
syncope. The role of spasm of the right 
ventricular outflow tract, occurring spon- 
taneously or due to cardiac catheterization, 
on the other hand, has been implicated in 
the production of increased cyanosis and 
syncopal spells in such patients.!:2:3:4:27 
These views have been recently challenged 
by Guntheroth and co-workers? who be- 
leve that hvperpnea can lead to an in- 
creased svstemic return with a fixed or de- 
creased pulmonary blood flow, causing an 
increase in right-to-left shunting. This in 
turn leads to an increased arterial pCO, 
and a decreased pO: and pH, which leads 
to further hvperpnea. He further chal- 
lenges infundibular spasm as the sole cause 
for cyanotic spells in tetralogy of Fallot 
since patients with true pulmonary atresia 
also have cyanotic spells, as was also 
pointed out by Wood." However, evi- 
dence for the occurrence of critical func- 
tional narrowing of the right ventricular 
outflow tract in tetralogy of Fallot was 
presented recently by Cumming? as the 
result of a study of the effects of isopro- 
terenol. He postulated that the anoxic 
spells may be precipitated by peripheral 
vasodilatation and/or increased circulating 
catecholamines. Similar evidence indicat- 
ing that muscular obstruction to right 
ventricular outflow is dynamic and that it 
may vary In severity in patients was pre- 
sented by Mason and co-workers," while 
similar findings in dogs were presented bv 
Harwood and co-workers.’ 

Another possible mechanism for an 
erroneous appearance of the right ven- 
tricular outflow tract on angiocardiograms 
is the occurrence of an arrhvthmia at the 
time of angiocardiography, which does not 
allow the infundibulum to relax. In the 
patient presented, ventricular premature 
contractions did occur during angiocardi- 
ography and may have contributed to the 
failure of the pulmonary arteries to fill from 
the right ventricle. 

Whatever the mechanism by which the 
phenomenon occurred, a persistently nar- 
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lic. 4. Frontal angiocardiograms in diastole (4) and systole (B) of a patient with proved pulmonary atresia 
demonstrating the change in caliber of the right ventricular infundibulum (INF.) during the cardiac cycle. 


Note incidentally the right sided aortic arch (Ao.). 


rowed and tapered appearing right ven- 
tricular infundibulum was noted (Fig. 2, 
A-H) which suggested that this patient had 
pulmonary atresia. The angiocardiograms 
of 2 patients with surgically verified pul- 
monary atresia are shown in Figures 4, 
A and B; and 5, 7 and B. Note that there 
are cyclical alterations in the right ven- 
tricular infundibulum in these 2 patients, 
while this is not noted in the angiocardio- 
the patient with functional 
ulmonary atresia (Fig. 2, 4-H). 

From the case reported, it is apparent 
that in patients with tetralogv of Fallot in 
whom the pulmonary artery cannot be 
entered during catheterization, it is pos- 
sible to make the misdiagnosis of pul- 
monary atresia from the angiocardiogram 
when, in fact, the pulmonary outflow tract 
is patent and may even be adequate for 
complete correction. The prognostic signifi- 
cance of such an error is that the patient 
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might be treated with a shunt instead of 
a more physiologic infundibular resection 
or a total correction. 

In order to avoid the pitfall of incor- 
rectly diagnosing pulmonary atresia in 
patients with tetralogy of Fallot who have 
functional pulmonary atresia at the time of 
angiocardiography, the following rule of 
thumb is suggested. If no contrast material 
Is seen entering the pulmonary artery from 
the right ventricle (Fig. 2, 7-H; 4, Zand B: 
and 5, Æ and B), and if there are cyclical 
contractions of the infundibulum of the 
right ventricle (Fig. 4, Æ and B; and ss, 
4 and B), then pulmonary atresia may be 
diagnosed with some assurance. If, how- 
ever, the atretic-appearing infundibulum is 
not seen to alter its dimensions during the 
study (Fig. 2, 4-H), the possibility of 
functional pulmonary atresia should be 
considered. 

After a systemic-pulmonary artery anas- 
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Fic. 5. Lateral angiocardiograms of another patient with proved pulmonary atresia demonstrating the 
marked change in caliber of the right ventricular infundibulum (INF.) between systole (4) and diastole (5). 


tomosis, a tetralogy of Fallot's right ven- 
tricular obstruction may be increased to the 
point of being converted into pulmonary 
atresia. 46 This does not apply to the 
reported case, however, since both angio- 
cardiographies were performed betore the 
systemic-pulmonary artery shunt was 
made. 

An item of further interest regarding 
this patient is the development of pul- 
monary hypertension after infundibular 
resection and pulmonary valvotomy. It 
has been postulated by Brock? that the 
probable role of the infundibulum is to 
support the pulmonic valve so that, with 
increasing degrees of pulmonary artery 
pressure, the hypertrophy of the right 
ventricle which occurs simultaneously 1n- 
creases the support of the valve by way of 
the infundibulum, thus preventing pul- 
monary regurgitation. In fact, Hilario 
et al)? thought that infundibular con- 
traction may explain why pulmonary 
valvotomy in tetralogy of Fallot does not 


transform this condition into an Eisen- 
menger's complex, the relatively moderate 
degree of infundibular stenosis acting as a 
protective mechanism by regulating trans- 
mission of the ventricular pressure to the 
pulmonary vessels. In the patient herein 
reported, this protective mechanism was 
apparently lost during the combined pul- 
monary valvotomy and infundibular resec- 
tion so that due to the operation, the 
pulmonary artery pressure rose from 10 
mm. Hg svstolic to go mm. Hg systolic. 
Thus, the condition in this patient had been 
transformed into a ventricular septal de- 
fect with pulmonary hypertension, fol- 
lowed eventually by ventricular failure. 


SUMMARY AND CONCLUSIONS 


A patient with tetralogy of Fallot 1s 
reported in whom angiocardiographic ex- 
amination revealed the findings of pul- 
monary atresia, while clinical, catheter- 
ization and operative findings indicated 
that the pulmonary outflow tract was 
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patent. The possible mechanisms for the 
atretic appearance of the outflow tract of 
the right ventricle and the failure of the 
pulmonary arteries to fill with contrast 
material from the right ventricle are dis- 
cussed. Since the appearance of the right 
ventricular infundibulum during angio- 
jail can lead to an erroneous 


m: It 18 impor tant Ei at E inn 
enon of functional pulmonary atresia on 
angiocardiograms of patients with tetral- 
ogy of Fallot be recognized. It is suggested 
that functional pulmonary atresia mav be 
differentiated angiocardiographicallv from 
true pulmonary atresia by observing cycli- 
cal alterations of the infundibulum in the 
latter. 


S David Rockoff, M.D. 
Di hagnostic X-ray Department 
Ainical Center 
National Institutes of Health 
Bethesda, Maryland 
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TETRALOGY OF FALLOT* 
A DETAILED ANGIOCARDIOGRAPHIC STUDY 


By RICHARD G. LESTER, M.D, ARVIN E. ROBINSON, M.D., 


and ROBERT T. 


common cardiac malformation associ- 
ated with cyanosis. It accounts for 15 per 
cent of all congenital heart disease" and go- 
75 per cent of all cyanotic heart disease be- 
vond 2 years of age.’ Fallot's anatomic syn- 
drome consisted of pulmonary stenosis or 
atresia, dextroposition of the aorta, inter- 
ventricular septal defect, and right ventric- 
ular hvpertrophy.? 

The clinical features include retarded 
physical development, cyanosis, and dys- 
pnea leading to anoxic episodes and squat- 
ting. Pertinent physical findings usually in- 
clude an undisplaced apical beat, a loud 
aortic second sound, and a precordial 
heave. The characteristic murmur is short, 
harsh and systolic. It is located in the third 
and fourth interspace at the left sternal 
border with an associated thrill. Signs of 
congestive failure are not usuallv present in 
childhood.‘ 

The conventional roentgenographic ex- 
amination reveals slight to moderate car- 
diomegaly and an enlarged right ventricle 
usually characterized by an upturned apex 
and anterior bulging. The left cardiac bor- 
der is most often concave at the site of the 
pulmonary artery. Characteristically, there 
is sparse pulmonary arterial vascularization 
in the hilar regions and in the lungs in pa- 
tients with clinical cvanosis or significant 
desaturation. Left atrial enlargement is ab- 
sent and the aorta is usually dilated. À right 
aortic arch is reported to be present in 
slightly more than 20 per cent of all cases.** 

The electrocardiogram is characterized 
bv right ventricular hypertrophy. 

Selective right ventricular angiocardiog- 
raphy and cardiac catheterization have 
been improved upon considerably in recent 
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vears so that we can more accuratelv ap- 
praise the anatomic and physiologic 
changes in congenital heart disease. In this 
studv we plan to show the value of selective 
angiocardiography in estimating and pre- 
dicting the future course and management 
of individuals with tetralogy of Fallot. 


METHOD AND MATERIAL 


The study includes 47 patients with te- 
tralogy of Fallot who underwent selective 
angiocardiography at the Medical College 
of Virginia Hospital between 1959 and 1963. 
One exception is a well demarcated venous 
angiocardiogram made in 1954. Variants of 
pulmonary atresia with ventricular septal 
defect (pseudotruncus arteriosus”) and or- 
igin of both great vessels from the right 
ventricle with pulmonary stenosis, are ex- 
cluded. 

In 46 cases the catheter was placed 1n the 
right ventricle. In 2 of these cases the cath- 
eter recoiled from the right ventricle to 
the right atrium during the injection. 

The technique consisted of high pressure 
injection of contrast material through a 
side-holed catheter. This was accompanied 
by rapid, serial, biplane roentgenography 
at a 40 inch focal-film distance utilizing the 
Schénander apparatus. 

Numerous measurements and observa- 
tions were recorded, utilizing anteroposte- 
rior and lateral projections at different 
phases of the cardiac cycle (Fig. 1, Zand B; 
and 2, £ and B). Parameters evaluated in- 
cluded the diameters of the chest, heart, 
main pulmonary artery, ascending aorta, 
and ventricular septal defect uncorrected 
for dilatation. The infundibulum of the 
right ventricle was measured at its nar- 
rowest point in maximum contraction and 





* From the Department of Radiology, Medica! College of Virginia, Richmond, Virginia, Supported in part by PHS Grant 
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Fic, 1. Selective angiocardiograms from right ventricle, $ year old boy. (4) Lateral view. Arrow points to 
ventricular septal defect. There is only minimal “overriding.” (B) Frontal view. There is a right aortic arch. 





Fic. 2. Selective angiocardiograms from right ventricle, 8 year old girl. (4) Frontal view, early study. Lower 
arrow points to area of infundibular stenosis, upper arrow to valvular stenosis. (B) Slightly later study in 
lateral view. The left ventricle and aorta are now filled through a large ventricular septal defect. Upper and 
lower arrows as in £. 
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Tage | 
ANGIOCARDIOGRAPHIC DATA 
‘(45 Vases) 





Me asurement Average Me lian pus 
Infundibular Stenosis 
Systole: Anteroposterior Diameter (em.) 0.46 0.30 O.I-1.2 
Lateral Diameter (cm.) O.40 O.40 O.1-1.2 
Transverse Diameter of Heart) Systolic Stenosis 28.2 wi 10. I-150.0 
Diastole: Anteroposterior Diameter (cm.) o. Rb o. RO Oe 
Lateral Diameter (cm.) o.88 o. 8o O.1-2.1 
Transverse Diameter of Heart ‘Diastolic Stenosis 15.0 jy. 4.6-83.5 
Main Pulmonary Artery Diameter (cm.) En Eco 0.6-4.0 
Transverse Diameter of Chest/Main Pulmonary Artery 13.9 13.3 $.1-25.8 
Aotta Diameter (cm.) 2.5 2.2 Ledge 
. Aorta Diameter/Transverse Diameter of Chest O. 114 O.112 068/174 
Interventricular Septal Defect Diameter tem.) ee Ld 0.4-4.0 


maximum dilatation (Table 1 and i1). The degree of overriding of the aorta on the 

Observations were made as to the rela- ventricular septum and the direction of tilt 
tive opacity of the main pulmonary artery of the aortic valve plane were assessed. The 
to the aorta, shape of the infundibular presence of other cardiovascular anomalies 
chamber, and direction of the aortic arch. was also recorded. 


TABLE H 


ANGIOCARDIOGRAPHIC DATA 


Total No. No. 


Factor of Cases Affected 
Sex 47 
Males 25 s 
Females 25 43 
Right Aortic Arch 52 2 8 
Pulmonary Valvular Stenosis A? m as 
Shape of Infundibulum 47 
Cone 22 47 
Cylinder 25 E 
Overriding of the Aorta 44 
o- 5t 70 I 70 
215-806 3 7 
pes © 3 18 
7t-less than 100% 2 
Aortic Valve Plane Direction EE. 
Transverse 4 pi 
Anterior 22 49 
Posterior 18 40 
Density of Aorta to Main Pulmonary Artery 47 
Aorta= Main Pulmonary Artery ri 2 
Aorta > Main Pulmonary Artery 6 13 


Main Pulmonary Artery > Aorta 30 64 


"TC Ba eA 5 re we nea elie Aes SS ee ea rl re Spa E cena Sty tev ie RR a MM EMO DOQU CE M COME eee 
NENNEN MEA LL yen eaan a Ae e ta 9 avanema mae eee deae Aat EE 
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The clinical records on all patients were Tang IH 
reviewed with regard to history and phvsi- CLINICAL DATA 
cal fi ndi ngs ( Ta ble H 1). Car di. ae ca theter- ee uM UMEN ML Ut e UU D 
ization data (Table 1v) and pathologic find- l Total oyo, Per 
ings at surgery or postmortem examination Factor NO. Oh rea Cen 
were recorded when available. ee eee Be . 
Computer techniques were emploved in — [ Growth 47 
correlating angiocardiographic findings decreased 30 64 
with clinical observations and predicting — normal č | 17 36 
the clinical course of future patients by the 1E Dyspnea on Exertion 47 : " 
observations at angiocardiography. The Med : ET 
technique involved a multiple linear regres- edd 2 i 
sion on a RPC-4000 computer. The coef- severe 13 28 
ficients of determination were calculated by I. Cyanosis 47 
the method of least squares. Student’s T absent jo 
values were used for levels of significance at psc e n 
95 per cent confidence with N-P-1 degrees an B3 i 
of freedom. IV, Clubbing 47 
absent 23 49 
FINDINGS present 24 £1 
Age and Sex. The age at the time of mild M 30 
Mr rr 1r severe 7 IE 
angiocardiography ranged from 2 months y Suuatrinc (ovendios)t S 
to 32 vears M an average of 6.7 vears and absent T 38 
a median of 5.3 vears. There were 27 males present 24 62 
(57 per cent) S 20 females (43 per cent). mild 18 46 
This sex distribution is consistent with the —.,,, ,, , severe | 9 i 
= VI. Polvcythemia 47 
57 per cent males reported bv Fontana and B cteter dn udin. 
Edwards'and thes9 per cent males reported ^ percent ——— 36 62 
by Keith, Rowe, and Vlad.” less than 15 gm. 
2. Infundtbular Stenosis. A nearly equal per cent 21 38 


incidence of configuration of the infundib- 
ulum was found. The infundibular cham- 
ber was cylinder shaped in $3 per cent and 
cone shaped i in 47 per cent. 


The infundibular stenosis in tetralogv of 


Fallot is relatively fixed, changing ue 
two-fold between svstole and diastole a: 
compared to four-fold in pulmonic Sie. 
with an intact ventricular septum.? This 
demonstrates that the secondarily hyper- 
trophied infundibulum expands and con- 


tracts toa greater degree than the infundib- 
ulum in tetralogy of Fallot. 

Pulmonary valvular stenosis was found 
in 17 cases (35 per cent), characterized by 
doming or thickening of the valve leaflets, 
poststenotic dilatation, or a narrowed ori- 
fice with a jet phenomenon. Other authors 
describe valvular stenosis in 36 to 82 per 
cent of their cases,» ^ 5.12. 
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CATHETERIZATION DATA 


Right Ventricular Pressure (mm.) 
Right Ventricular Oxygen Saturation (95) 
Right Atrial Oxygen Saturation (&%) 


Tota! Average Median Range 
js 93 go 68-13 
7! [i 45794 
24 64 66 43 — 8o 
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TABLE V 


RIGHT AORTIC ARCH IN TETRALOGY OF FALLOT 


T dun Aortic Arch 
No. 


Investigators 


Cases 
* N Q. 


prt Per 
Studied — | 5 
Affected Cent 
Blalock und T 610 140 ET 
Dammann e aZ? fon IN 26 
Baker et a/.' £O m 25 
Lowe!? £O D 12 
Pattinson and 
Emanuel" 6o 12 a 
Kjellberg e aZ? ^3 X i3 
Fontana and Edwards? 28 f 18 
Edwards! 56 Li 20 
Total 1,095 224 22 
Present Study 47 4 8.5 
Present Study including 
Pseudotruncus šo 4 8.0 
3. Overriding of the Aorta, Keith et al? 


describe 25 to 5o per cent overriding as be- 
ing most common. We found 31 (71 per 
cent) out of 44 patients who were measured 
exhibiting less than 25 per cent overriding 
with 22 of these having essentially no over- 
riding. Less than £o per cent overriding was 
found in 77 per cent. No patients were in- 


cluded with an aorta totally to the right of 


the septum since we consider this to be a 
separate entity, origin of both great vessels 
from the right ventricle.” 

The aortic valve plane pointed anteriorly 
in 49 per cent and posteriorly in 40 per cent. 

4. Right to Left Shunt. The densities of 
contrast in the ascending aorta and the 
main pulmonary artery during the same ex- 
posure were compared by direct visualiza- 
tion. Both vessels appeared roughly equal 
in density in 23 per cent of the patients, 
with the main a artery predom- 
inating in 64 per cent and the aorta in 13 
per cent. The interventricular septal defect 
was poorly visualized in many cases. 
Measurements along its longitudinal di- 
ameter showed an average of 1.3 cm. and a 
mean of 1.1 cm. 

5. Right Aortic Arch. A right aortic arch 


Robinson and Robert T. 
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was found in only 4 patients or 8.5 per cent. 
When 3 patients with pulmonary atresia 
were included, the incidence fell to 8.0 
per cent. These figures fall far below the 
statistics usually reported in the current 
literature (see Table v). 

6. Clinical Findings. Twenty patients 
(43 per cent) were found to have noncardio- 
vascular birth anomalies or a family history 

of congenital heart disease. Sixtv-four per 
cent revealed evidence of decreased growth, 
a characteristic of all congenital heart dis- 
ease with marked cvanosis.? Dyspnea on 
exertion was present in 72 per cent and cv- 
anosis in 70 per cent. Thirty per cent of all 
patients were acyanotic. Clubbing was 
found in 51 per cent. Twenty-four (62 per 
cent) of 39 patients over 2 vears of age had 
ü dc] y of squatting. 

. Polyc ythemia. Hemoglobin concentra- 
B e ls ranged from 11.4 to 22 gm. per 
cent with averages of 16.4 gm. per cent in 
all patients and 17.4 gm. per cent in the 35 
cvanotic patients. Sixtv-two per cent of iil 
patients and 67 per cent of the cvanotic pa- 
tients had hemoglobin levels greater than 
15.0 gm. per cent. Kjellberg et alè found he- 
moglobin concentrations of 15 to 26 gm. 
per cent in 86 per cent of 62 cvanotic cases. 

8. Cardiac Catheterization. Forty-one 

right ventricular pressures were recorded 
ranging from 65-135 mm. Hg, with an av- 
erage of g3 mm. and a mean of go mm. 
Right ventricular oxygen saturation in 31 
patients averaged 71 per cent with 61 per 
cent saturation in the right atrium. 


DISCUSSION 


Selected angiocardiographic measure- 
ments were computed against pertinent 
clinical findings to determine significance. 
Various factors were found to be statisti- 
cally significant at the 95 per cent level of 
confidence in predicting the occurrence and 
sever i of e components of bud 
icant gaps were epi tó uet 
equations for predicting the occurrence of a 
clinical finding in future patients. These 
equations were tested against 44 of the pre- 


are 
VoL. 94. No. I Te etral IgV of | “allot 9 7 
Tage VIA 
COMPUTED SIGNIFICANCE FOR PREDIC? ABILITY 
Dyspnea 
T NE Growth on Squatting Cyanosis Clubbing Hb 
"acto Symbo M aa pu l l S 
SU yl Exertion yz v4 yg y6 
y2 
Transverse Diameter of 
Chest x EI 16 44" 20 12 at 
MM p é ix * . 3 on W : * 
Heart/5vstolte Stenosis XA Gi eh 2 Os VES 24 
Hezsrt/ Diastolic Stenosis X3 JO act 2e T: .O9 ol 
Chest/ Main Pulmonary 
Artery p O4 by 24.1 bg" WT dt 
Aorta/Chest Xg Bp" o8 lai A iO Io 
Aorta/ Main Pulmonarv 
Artery Density xb 241 D x 3 PST oF 
X7 -O5 02 Ot 20m .O4 oo! 


Overrici omg of Aorta 


n yi N MICE indicate relative significance as related to other measurements for saache factor only, 


bs "ignlüc ant predic tor at 95 per cent level. 
7 Used as predictor in equations, 
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PREDICTABILITY CORRELATION 


Correlation 
(per cent) 


Factor Predictor 
Over- 
Ap OFF 
a a Sod, 
Decreased (iow th Xs, x6* MO HS Se 
Dyspnea on 
exertion MU x. x35 SO: 5S obe 
Squatting X1,Xa4, X5. 60 Fo 64 
Cyanosis Ad OSG 60. FS d 
Clubbing X2, X4, X6 ço o 6s 
Hemog obin 
Concentration XEREX X 
within 2 gm. 
per cent 40 ages, staan . 
within 3 gm. 
per cent 56 = des 


* see symbols in Table vta. 


vicusly measured patients with approxi- 
ately 70 per cent accuracy in predicting 
occurrence and approximately 60 per cent 
n In predicting severity. 

The aortic diameter and relative density 
of aortic to main pulmonary artery con- 
trast were found to be significant in pre- 
dicting decreased growth. U ‘sing these two 
factors, 7° per cent correlation was found. 





For predicting dyspnea on exertion, 
chest size with infundibular diameter in 
systole anc diastole were found to be signif- 
icant. When used appropriately, they were 
found to cerrelate in 70 per cent of the cases 
in determming the presence or absence of 
dyspnea ard in 60 per cent in determining 
the degree of dyspnea. The simultaneous 
prediction of presence, absence and degree 
correlated in only £o per cent of the cases. 

Shghtly better results were calculated 
for the prediction of squatting, using chest 
size with main pulmonary artery and aortic 
diameters as significant predictors. n 
ence or absence of cyanosis correlated in 7 
per cent ard severity in 62 per cent, (eins 
the main aulmonary artery dometa and 
degree of aortic overriding as a 
predictors. The presence of clubbing corre 
lated in 6c per cent and severity in 67 ç per 
cent, using nfundibular diameter in systole, 
main pulmonary artery diameter, and aor- 


tic to pulmonary artery density ratio as 
predictors. 
Hemoglebin concentration predictions 


were within 3 gm. in 66 per cent of the 
cases. One-half of those not correlating were 
below 14.8 2m. per cent, and one-third were 
greater than 21.0 gm. per cent. 

kjellberz et a7.* describe the dextroposi- 
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tion of the aorta as due to the ventricular 
septum presenting mainly in a frontal plane 
with the right ventricle in front of the left. 
Other authors*! describe the dextroposi- 
tion to be more functional than anatomic. 
We found aortic overriding to be absent or 
minimal in 70 per cent of all cases. It was 
insignificant as a predictor for all factors 
except cyanosis. 

The evidence suggests that although 
there may be true overriding (partial trans- 
position of the aorta) in certain cases, in 
most instances the overriding of the aorta 
on the ventricular septal defect is func- 
tional in origin. The position of the ventric- 
ular septal defect in relation to the aortic 
root and the enlargement of the aorta sec- 
ondary to the increased flow in this vessel 
tend to create the appearance of overriding 
in those cases where the anatomic position 
of the aorta is normal. Overriding of the 
aorta represents a minor factor only in the 
production of the clinical syndrome of te- 
tralogy of Fallot, and in a minority of cases 
only. Of much more importance is the high 
resistance to flow through the obstructed 
infundibulum and pulmonary valve into 
the pulmonary artery, and the resultant 
right to left shunt through the ventricular 
septal defect. 

The occurrence of right aortic arch with 
tetralogy of Fallot is more than coincidence. 
However, this in vivo study utilizing 
selective angiocardiography shows a much 
lower incidence than previously found with 
conventional roentgenographic examina- 
tion, barium swallow, or previously re- 
ported autopsy series. 


SUMMARY 


Forty-seven cases of tetralogy of Fallot 
undergoing selective angiocardiography 
were reviewed. Computer techniques were 
employed in calculating equations from the 
angiocardiographic findings for predicting 
the future clinical course of tetralogy pa- 
tients. 

Right aortic arch was found to be less 
prevalent (8 per cent) than previously re- 
ported. 


Richard G. Lester, Arvin E. Robinson and Rober: T. Osteen 
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Overriding of the aorta was of minor de- 
gree in 71 per cent of all cases. It was found 
to be of minor importance in determining 
the clinical course of patients. 

Almost one-half (43 per cent) of all pa- 
tients were found to have noncardiac birth 
anomalies or a family history of congenital 
heart disease. 

Pulmonary valvular stenosis was present 
in 35 per cent of all patients utilizing angio- 
cardiographic criteria for diagnosis. 

Prediction equations for the presence of 
decreased growth, cyanosis, squatting, 
clubbing, dyspnea, and polycythemia were 
calculated utilizing various angiocardio- 
graphic measurements, such asinfundibular, 
aortic, and main pulmonary artery diam- 
eters. Seventy per cent accuracy was found 
when these equations were tested against 
previously reviewed cases. 


Richard G. Lester, M.D. 
Department of Radiology 
Medical College of Virginia 
Richmond 19, Virginia 
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VISUALIZATION OF THE PULMONARY ARTERY AND 
RIGHT VENTRICLE VIA A PATENT | 
DUCTUS ARTERIOSUS* = 


REPORT OF 4 ILLUSTRATIVE CASES 
By HARRY L. STEIN, M.D.,t and ISRAEL STEINBERG, M.D.1 


NEW YORK, NEW YORK 


We the ductus arteriosus is patent, 
an opaque catheter under roentgeno- 
scopic observation may be passed through 
it following percutaneous retrograde fem- 
oral arterial puncture." The catheter can 
then be advanced into the pulmonary ar- 
tery, through the pulmonic valve, and into 
the right ventricle. Injection of contrast 
medium will readily result in visualization 
of the right ventricle, pulmonary artery, 
and ductus. Selective injection of each 
structure may, when indicated, be secured. 
Electronic electrocardiographic equipment 
permits monitoring of the heart and instant 
recognition of arrhythmias. Should cardiac 
arrest or ventricular fibrillation occur, elec- 
trical defibrillators, closed chest massage, 
mouth to mouth breathing, and artificial 
oxygenation provide means of resuscitating 
the patient. These measures and improved 
contrast agents have significantly reduced 
the dangers of selective angiocardiography. 

Herein is reported the value of angiogra- 
phy of the pulmonary artery and right ven- 
tricle in 3 patients with congenitally patent 
ductus arteriosus, andin a fourth patient in 
whom a ductus was created artificially 
(Pott’s procedure) in order to alleviate se- 
vere cyanosis due to tetralogy of Fallot. In 
1 patient, reversal of blood flow in the pa- 
tent ductus, absence of the right pulmonary 
artery, and aortic origin of the right pulmo- 
nary artery were demonstrated. Ligation of 
the ductus and pulmonary artery originat- 
ing from the aorta and re-anastomosis to 
the pulmonary artery were curative and re- 
duced the pulmonary hypertension to nor- 


motensive levels. In a second patient, the 
diagnosis of corrected transposition of the 
great vessels with bidirectional shunting 
across a ventricular septal defect was read- 
ily established after selective angiocardiog- 
raphy of both ventricles. A third patient 
with an atypical murmur of patent ductus 
arteriosus was also found to have pulmonic 
regurgitation. Ligation of the ductus was 
curative with cessation of the murmur. Fi- 
nally, the patient with the artificial ductus 
was found to have severe pulmonic stenosis 
which prevented passage of the catheter be- 
yond the pulmonic valve. Withdrawal of 
the catheter from the ductus with advance- 
ment below the aortic valve resulted in the 
demonstration of a markedly hypertro- 
phied ventricle. 


REPORT OF CASES 


Case 1. Reversed Patent Ductus Arteriosus, 
Congenital Absence of Right Pulmonary Artery, 
and Right Pulmonary Artery Arising from Aorta. 
This 4 year old Caucasian male was spontane- 
ously delivered after an uncomplicated preg- 
nancy at another hospital. At the age of 7 weeks 
when he developed dyspnea and cyanosis, and 
failed to gain weight, he was transferred to this 
hospital. On December 14, 1959, an intravenous 
angiocardiographic study showed a patent duc- 
tus arteriosus with reversal of blood flow. How- 
ever, the aortic origin of the right pulmonary 
artery was not demonstrated because the as- 
cending aorta was not opacified. The patient 
was digitalized and did well. He was re-ad- 
mitted for more definitive angiographic studies 
on February 17, 1964. A chest roentgenogram 
showed enlargement of the heart, pulmonary 
artery, and pulmonary vasculature of the right 


* From the Department of Radiology, The New York Hospital—Cornell Medical Center, New York, New York. 
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Fic. 1. Case 1. Reversed Patent Ductus Arteriosus with 
Aortic Origin of Right Pulmonary Artery. (A) Fron- 
tal esophagram showing enlargement and prom- 
inence of the heart, pulmonary artery, and right 
lung vasculature. 


lung (Fig. 1,7). He was well developed and well 
nourished. A systolic murmur (Grade 2 to 6) 
was heard along the left sternal border radiating 
into the second left intercostal interspace. An 
electrocardiogram showed right ventricular 
hypertrophy. The hematocrit was 42 per cent. 

Pereutaneous transfemoral selective aortog- 
raphy permitted the radiopaque catheter to be 
advanced through a patent ductus arteriosus. It 
was passed into the pulmonary artery, through 
the pulmonic valve, and into the right ventricle. 
Selective angiocardiograms demonstrated a 
large right ventricle, enlarged main pulmonary 
artery, absent right pulmonary artery, and re- 
versal of blood flow through a patent ductus 
arteriosus (Fig. 1, B and C). The catheter was 
then withdrawn from the right heart structures 
and ductus arteriosus, and advanced bevond 
the aortic arch and valves into the left ventricle. 
Selectrve angiocardiographic studies demon- 
strated an aberrant right pulmonary artery aris- 
ing from the ascending aorta (Fig. 1, D and Æ). 

On June 22, 1964, Dr. S. Frank Redo ligated 
the patent ductus arteriosus and anastomosed 
the anomalous right pulmonary artery to the 
main pulmonary artery trunk, utilizing a 
Teflon graft. The patient made an uncompli- 
cated recovery. When last seen in the clinic on 
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September 2, 1964, he was well and asympto- 
matic. Only a soft early systolic murmur 
(Grade 1-2) was heard along the left sternum.’ 


Case rr. Patent Ductus Arteriosus and Trans- 
position of the Great Vessels. At birth at another 
hospital, a Caucasian male infant was cyanotic 
and so was transferred to this center. On ad- 
mission on November 25, 1953, there was car- 
diac enlargement, plethoric lungs, and a nar- 
rowed appearance of the great vessels at the 
base of the heart. He was discharged unim- 
proved on December 5, 1953, and re-admitted 
because of heart failure 6 months later. After 
digitalization he improved. On March 12, 1961, 
at the age of 7 years, he was admitted for angio- 
cardiographic studies which showed corrected 
transposition of the great vessels, inversion of 
the ventricles, and a bidirectional ventricular 
septal defect. 

He was re-admitted, at the age of ro years, 
on March 5, 1964, because of dyspnea and cy- 
anosis. On examination, there was intense cy- 
anosis of the skin and mucous membranes. The 
patient was short (132 cm.) and weighed 23.9 
kg. There was bulging of the left precordium 
and the heart was enlarged. A loud systolic 
(Grade 5) murmur was heard along the left 
sternal border radiating to the back. The 
femoral pulses were regular and strong. The 
blood pressure was 90/60 mm. Hg. The hemo- 
globin was 23 gm./100 ml. and the hematocrit 
was 6g per cent. The electrocardiogram showed 
incomplete right bundle branch block, right and 
left ventricular hypertrophy, and probable en- 
largement of both atria. A conventional frontal 
roentgenogram showed enlargement of the 
heart and plethoric lungs (Fig. 2.7). On March 
6, 1964, a percutaneous transfemoral aortogram 
demonstrated a large patent ductus arteriosus 
(Fig. 28). The catheter was then advanced via 
the pulmonary artery into a ventricle which was 
located along the left border of the cardiac sil- 
houette. Early opacification of the aorta also 
indicated a right-to-left shunt at the ventricu- 
lar level (Fig. 2, C and D). The catheter was 
then withdrawn from the posterior ventricle, 
pulmonary artery, and ductus and passed up- 
ward into the arch, ascending aorta, and into a 
ventricle. Angiocardiograms demonstrated a 
large trabeculated ventricle which occupied the 
anterior and right border of the cardiac silhou- 
ette (Fig. 2, E and F). The centrally placed pul- 
monary artery and left hilar location of the 
ascending aorta were in the classic positions of 
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lic. 1. (B) Frontal angiocardiogram via a catheter percutaneously passed in retrograde fashion from a femoral 
artery through a patent ductus arteriosus (upper arrow) into the right ventricle. Note the enlarged trabecu- 


lated right ventricle, cluster of pulmonary vessels in the lower left lung field, and opacification of the de- 
scending aorta (lower arrow). Opacification of the descending aorta from the right ventricle indicates that 
blood flow is reversed in the ductus. Also note absence of the right pulmonary artery. (C) Biplane lateral 
view of B. The anterior location of the right ventricle and pulmonary artery identifies these structures and 
rules out transposition of the great vessels. (D) Selective angiogram obtained by opacifying the heart via a 
catheter which was advanced over the aortic arch, below the aortic valve and positioned in the left ven- 
tricle. Note the large right pulmonary artery (arrow) arising from the aorta. (Æ) Biplane lateral study of 
| and arises from the posterior border of the ascending 
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D. The right pulmonary artery (arrow) is “on end 
aorta. 
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corrected transposition of the great vessels (Fig. 


4. C and P). 


Case 11. Patent Ductus Arteriosus with Pul- 
monte Valvular Regurgitation, A 10 year old 
Caucasian female was admitted because of a 
recently discovered murmur during a routine 
examination. A systolic murmur followed by a 
prolonged diastolic murmur (Grade 2 to 6) was 
heard in the second left interspace. The 
peripheral pulses were normal and the blood 
pressure was 100/65 mm. Hg in the arms. An 
electrocardiogram was normal. Roentgenoscopy 
showed a normal sized heart, increased pul- 
monary vasculature, and a pulsatile pulmonary 
artery (Fig. 3,7). Because a late systolic cre- 
scendo murmur was not heard or seen in the 
phonocardiogram, aortography was ordered. 
Percutaneous transfemoral aortography was 
performed on April 13, 1964, and the catheter 
was advanced through a patent ductus arterio- 
sus mto the pulmonary artery just above the 
valves. An angiogram revealed insufficiency of 
the pulmonary artery (Fig. 3B). The right ven- 
tricle, thoracic aorta, and the structures at the 
root of the aorta were normal. The ductus was 
ligated and the murmur ceased; the patient’s 
recovery was uneventful. 


Case iv. Artificial Patent Ductus, Pulmonic 
Stenesis, Transposition of the Great Vessels, 
and Single Ventricle. A 14 year old Caucasian 
boy was referred for angiography. He had been 
cyanotic at birth and at the age of 7 months, at 





Fic. 2. Case u. Patent Ductus Arteriosus and Trans- 
position of the Great Vessels. (A) Frontal esopha- 
gram showing cardiac enlargement and plethoric 
lungs. 


Visualization of the Pulmonary 


Artery 103 


© 





Fic. 2. (Æ Retrograde aortogram showing a large 
patent ductus arteriosus (arrow). 


another hospital following the diagnosis of 
tetralogy of Fallot, an artificial aorticopul- 
monary shunt (Pott's procedure) was created. 
Following this, he was well but missed 30 days 
per vear of schooling because of recurrent upper 
respiratory infections. Physical examination 
showed cyanosis; however, with good nourish- 
ment and development. The blood pressure was 
110/50 mm. Hg. A continuous murmur (Grade 
4) was heard along the left sternal border and 
left hemithorax. The hemoglobin was 13.9 
gm./100 ml. The electrocardiogram showed 
sinus tachvcardia, first degree heart block, runs 
of supraventricular tachycardia, right atrial and 
ventricular enlargement, and right ventricular 
strain. 

Cardiac catheterization, on October 8, 1963, 
disclosed 1dentical pressures in the aorta and 
right ventricle, 114/63 and 114/63 mm. Hg, re- 
spectively. The pulmonary artery could not be 
entered with the catheter despite extensive 
maneuvering. The aorta was, however, readilv 
catheterized. Percutaneous transfemoral aor- 
tography on October 10, 1963, permitted en- 
trance of a catheter through a ductus but the 
catheter could not be advanced into the cardiac 
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Fic. 2. (C) Frontal angiocardiogram made by advancing catheter from femoral artery, through ductus arteri- 
osus, pulmonary artery, and into the cardiac chamber. Note the smooth walled ventricle, centrally placed 
and enlarged pulmonary artery and branches, and simultaneous opacification of the aorta and opposite 
ventricle. (D) Biplane lateral angiocardiogram of C. Note the posterior location of the ventricle beneath the 
pulmonary artery and the position of the aorta anterior to the pulmonary artery—classic features of 
transposition of the great vessels. (E) Frontal angiocardiogram made by >ulling the cardiac catheter 
through the ductus arteriosus, advancing it over the aortic arch and below the aortic valve into the ven- 
tricle. Note the large trabeculated appearance of the ventricle and opacification of the opposite cardiac 
chamber. (F) Lateral biplane view of Æ. The aorta is anterior in the classic location of transposition of the 
great vessels location. 
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Case 111. Patent Ductus. Arteriosus and Pul- 
monic Regurgitation. (4) Frontal teleroentgeno- 


iG. 2: 


showing prominence of the pulmonary 
of the pulmonary 


gram 
artery and slight plethora 
vasculature. 





(B) Lateral angiocardiogram made by in- 
jecting contrast medium just proximally to the 
pulmonic valve via a catheter that was advanced 
from the femoral artery, aorta, and patent ductus 
arteriosus. Note streaming of contrast medium 
into the pulmonary conus (arrow). 
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chamber. Suprapulmonic valve injection of con- 
trast material resulted in the demonstration of 
severe pulmonic stenosis (Fig. 4, 4, B, C and 
D). The catheter was then withdrawn from the 
pulmonary artery and advanced over the arch 
of the aorta, through the aortic valve, and into 
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a ventricle. À large ventricle with the trabecu- 
lated appearance of a right chamber was visual- 
ized (Fig. 4, E and F). 


DISCUSSION 


Mudd and associates’ have recently re- 
viewed the literature?** "> and added 2 
cases of right pulmonary artery originating 
trom the aorta. Systemic arteries arising 
from the aorta when there is absence of a 
pulmonary artery, especially bronchial ar- 
teries, are common and have been described 
in the literature. 9 197?: Case 1, however, is 
of special interest because pulmonary hv- 
pertension had caused reversal of blood 
How in the ductus arteriosus (Fig. 1, 5 and 
C). Caro, Lermanda and Lyons,? in 1957, 
apparently were the first to ligate a ductus, 
and re-anastomose an aberrant pulmonary 
arterv arising from the aorta with the pul- 
monary artery. Their patient, however, suc- 
cumbed after the operation. The patient 
reported bv Armer ef a/.! and Case 1 appear 
to be the first to be successfullv operated 
on. 

Visualization of both sides of the heart 
with the technique described above clearlv 
established the diagnosis of transposition 
of the great vessels and demonstrated a 
bidirectional ventricular septal shunt in 
Case 11 (Fig. 2; C, D, E and F). In a third 
case, the cause of an unusual murmur heard 
in a patient suspected of having a patent 
ductus arteriosus was demonstrated bv the 
injection of a contrast agent proximal to 
the pulmonic valve by advancing the 
catheter through the patent ductus. Pul- 
monic valvular incompetence (Fig. 35) 
was also demonstrated. Ligation of the 
ductus apparently corrected the pulmonic 
regurgitation, for the murmurs ceased fol- 
lowing ligation of the ductus. In a fourth 
case, severe pulmonic stenosis was roent- 
genographically demonstrated by injection 
of contrast medium through a cardiac 
catheter that had been passed from the 
femoral artery, through an artificially 
created aorticopulmonary shunt (Pott's 
procedure), into the pulmonary artery (the 
valve could not be traversed bv the cathe- 
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ric. 4. Case 1v. Pulmonic Stenosis Demonstrated by Supravaloular Injection of Contrast Medium into an Arti- 
ficial Aorticopulmonary Shunt. (A) Frontal selective pulmonary artery angiogram during pulmonic systole 
showing tight immobile pulmonic cusps. Note that aorticopulmonary blood flow is predominantly into the 
right pulmonary artery. (5) Biplane lateral view of 4. (C) During pulmonic diastole (in frontal view) the 
thickened immovable cusps are evident. (D) Biplane lateral view of C. 
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ter) (Fig. 4, 4, B, C and D). The demon- 
stration of transposed great vessels and a 
single ventricle precluded surgery. 


SUMMARY AND CONCLUSIONS 


When a ductus arteriosus is patent, a ra- 
diopaque catheter may be passed into the 
pulmonary artery and right ventricle in or- 
der to visualize these structures. Ventricu- 
lar septal defects, transposed great vessels, 
absence of a pulmonary arterv, pulmonic 
regurgitation and/or stenosis may be read- 
ilv diagnosed. If the catheter is then with- 
drawn into the descending aorta and ad- 
vanced over the aortic arch and root into 
the left ventricle, ventricular septal de- 
fects with left-to-right shunts and left 
atrial regurgitation may be recognized. A 
supravalvular injection of contrast me- 
dium will also rule out aortic valvular re- 


(such as aorticopulmonary windows, aortic 
sinus aneurysms, bicuspid aortic valves 
and suprevalvular stenosis), and transposi- 
tion of the great vessels. Thereby, other 
lesions complicating patent ducti arter- 
ios! whether in the right or left side of the 
heart can be diagnosed, and aid in the 
treatment of the patient. 


[srael Steinberg, M.D. 

The New York Hospital—Cornell Medical Center 
525 East 68th Street 

New York, New York 10021 


ADDENDUM 


Since this paper was accepted for publi- 
cation arother patient with a patent ductus 
arteriosus had visualization of the cardiac 
chambers and great vessels via a counter 
current tmyection of contrast material into 
the left brachial artery. A 21 month old 
infant, born prematurely, weighing 2.8 kg., 
in heart failure, and with murmurs of a 
ventricular septal defect and patent ductus 





bic.4. (E) Frontal-selective angiocardiogram made 
by opac fying large ventricle below aorta. (F) 
Biplane lateral view of E. 
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arteriosus was studied on March g, 1965. 
An 18-gauge Lindeman needle was in- 
serted into the left brachial artery via cut- 
oe nog of 5 ml. of 7 A d cent 


G kg. / fem. 2) dd hes patent am 
which was 8 mm. in length and 3 mm. in 
width. There was mild pulmonic anor. 
tion. Plethoric pulmonary arterial and 
venous branches, an enlarged lett atrium, 
ventricle, and aorta were opacified. A left- 
to-right shunt, at the level of the membran- 
ous portion of the left ventricular septum, 
was demonstrated. Later in the series, the 
right ventricle and enlarged pulmonary 
artery was revisualized. 
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E * DOCARDIAL fibroelastosis, a condi- 

ton characterized by an abnormal 
hbroelastic proliferation, manifests itself as 
a gravish or pearly-white thickening of the 
endecardium. [ts presence hinders the 


normal contractility and distensibility of 


the heart. The condition is termed primary 
if it occurs alone or secondary if associated 
with other cardiac anomalies. It is the 
purpose of the authors to describe the 
roentgen manifestations of this entitv. 


PATHOLOGY AND HEMODYNAMICS 


In primary endocardial fibroelastosis the 
significant pathologic lesion is located 
within the endocardium itself; the endo- 
cardium of the left ventricle and left atrium 
is thickened to a variable degree, sometimes 
measuring up to 2 mm. The left ventricular 
chamber is usually enlarged (so-called Tvpe 
1), but rarely mav be of normal size or 
contracted (so-called Type mn)? In both 
tvpes there is diminished contractility and 
distensibilitv of the left ventricle and, in 
addrtion, incomplete emptying and hvper- 
trophy of this chamber. The result is an 
obstruction to the low of blood into the left 
ventricle which, in turn, is responsible for 
the right heart enlargement commonly 
present in patients with endocardial fibro- 
elastosis. 

The process may affect the chordae 
tendineae with resultant thickening and 
shortening. It may also involve the papil- 
lary muscles. Moller eż al? noted that the 
papillary muscles to the anterior leaflet of 
the mitral valve arose high on the left ven- 
tricular wall and that the chordae to this 


leaflet were thickened, shortened and more 
horizontal than normal---features which 
result in incompetency of the mitral valve. 

In secondary endocardial fibroelastosis, 
the endoeardial thickening is variable in its 
extent and location and is often less exten- 
sive than in the primary form. It is found 
predominantly on the left side when asso- 
clated with left-sided obstructive lesions 
such as coarctation of the aorta and aortic 
stenosis; it is also found on the left in pa- 
tients with anomalous origin of the left 
coronary artery from the pulmonary trunk. 
It may also occur in the right ventricle in 
some cases of right ventricular outflow 
obstruction. 

The etiology of endocardial fibroelastosis 
is unknewn. Fetal endocarditis and an 
enzymatic defect in the cardiac muscula- 
ture have each been considered as a possible 
cause of the primarv form of the disease. 
Recent studies at this institution stronglv 
implicate an intrauterine mumps infection.’ 
Abnormal pressures and intracardiac flow 
currents have been suggested as a possible 
cause of secondary fibroelastosis.! The 
invariable presence of endocardial thicken- 
ing in the distribution of the anomalous left 
coronary artery from the pulmonary trunk 
suggests that anoxia of the mvocardium 
mav be a significant factor. 





MATERIAL AND METHODS 


This paper is based on a study of <6 
patients at the Universitv of Minnesota 


Hospitals with endocardial fibroelastosis 
who died during the period 1949-1962. Of 


these patients 22 were considered primary; 


* Poesented at the Sixty-fifth Annual Meeting of the American Roentuen Raw Society, Minneapolis, Minnesota, September 2o- 
£e ar T 4223 f 3 > I Mi 


October 2, 1964. 


From the Departments of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota; the Department of Radiology, St. 
Joseph's Hospital, St. Paul, Minnesota; and the Department of Pathology, The Charles T, Miller Hospital, St. Paul, Minnesota. 

This study was supported by Research Grant HE $694 of the National Heart Institute, U. S. Public Health Service, 

f; Medical Fellow in Radiology, University of Minnesota: National trainee in Cardiovascular Radiology (Grant HE- §-T1-§222-07}, 

$ Clinical Assistant Professor of Radiology, University of Minnesota, | 


x 


109 


LIO I. S. Johnsrude and Lewis S. Carey May, 1965 


G 


i 





Fic. 1. Series of frontal and lateral roentgenograms of the thorax of patients with primary endocardial 

fibroelastosis. 

A. Male, aged 93 years. Generalized cardiomegaly with striking enlargement of all chambers. 

B and C. Female, aged 7 years. Frontal and lateral views with "esophageal escape" demonstrated in 
lateral view. Necropsy showed left atrial and left ventricular enlargement. 

D. Female, aged 16 years. Frontal view showing left atrial enlargement and moderate enlargement of 
the right atrium. 

E and F. Male, aged 4 years. Frontal and lateral views showing a long segment esophage: al deformity 
caused by combined left atrial and left ventricular enlargement. 

G. Male, aged 20 months. Cardiomegaly with the unusual feature of a normal sized left atrium (Figure 

, C-F shows angioc: irdiograms). 

°H and I. Female, aged 7 months. Frontal and lateral views of thorax with rare Type 1 form of primary 
endocardial fibroelastosis with normal sized left ventricle and enlarged left atrium and right ventricle 
(Fig. 5, 4—E shows angiocardiograms). 


21 of these were classified as Type 1 (15 onset of symptoms ranged from birth to 5 
females and 6 males) and 1 patient, a fe- years and the age at death from 2 days to 
male, exhibited a contracted left ventricle — 16 vears. 

and was classified as Type 11. The age of Thirty-four of the 56 cases of endocardial 
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‘tc. 2. Series of frontal roent- 
genograms of thorax of pa- 
tients with congenital heart 
disease and associated endo- 











cardial fibroelastosis. 


4-C. Three different patients with combined aortic stenosis and coarctation. 
D. Anomalous origin of left coronary artery from the pulmonary trunk. 


E. Glycogen storage disease. 


hbroelastosis were associated with some 
other congenital cardiac malformation and 
were thus examples of secondary fibroelas- 
toss. There were 22 males and 12 females. 
The onset of symptoms ranged from birth 
to 14 months and the time of death from 2 
days to 3 years. Twenty-four (approxi- 
mately 70%) patients had abnormal- 
ities of the left ventricular outlet or the 
proximal aorta, such as subaortic stenosis, 
anomalous coronary artery, valvular aortic 
stenosis, coarctation of the aorta and hypo- 
plastic proximal aorta (Table 1). In these 
patients the endocardial fibroelastosis pri- 
marily affected. the left-sided chambers 
and their valves. Both left and right-sided 
ventricular endocardial involvement was 
seen in 4 patients; in 1 of these there was, 
in addition, right atrial involvement and 
in another tricuspid valve involvement. 
Right-sided involvement alone occurred 
only once; this was in a patient with a 
patent ductus arteriosus and left-to-right 
shunt, 


ROENTGENOGRAPHIC FINDINGS IN 
PRIMARY ENDOCARDIAL 
FIBROELASTOSIS 


Roentgenograms of the thorax of 22 
patients were reviewed. The most striking 
finding on the conventional studies in most 
patients was the presence of moderate to 
marked cardiac enlargement and normal or 
near normal appearance of the pulmonary 
vasculature. Cardiomegaly was invariably 
present. Thirteen patients showed marked 
enlargement, 7 had moderate and 2 exhib- 
ited mild cardiomegaly. 

Enlargement of the heart was not limited 
to the left chambers; in 14 patients there 
was a variable prominence of the right 
heart border on frontal view suggesting 
right atrial enlargement. In 16 patients 
there was evidence of right ventricular 
enlargement in the lateral view. One pa- 
tient exhibiting a contracted left ventricle 
showed striking right atrial and right 
ventricular enlargement. 
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C | 


[. S. Johnsrude and Lewis S. Carev 


Mav, 1965 


Fic. 3. Series of frontal roentgenograms of thorax of patients with endocardial fibroelastosis demonstrating 


pulmonary findings. 


A. Pulmonary congestion due to heart failure. 
B. Pneumonitis of right middle lobe. 
C. Pneumonitis and pulmonary conuestion. 


D. Atelectasis of left lower lobe (see ligure 4, A and 7). 
E and F. “Fusion” of congested hilar vessels with right cardiac border simulating pneumonitis. 


TABLE | 


NATURE OF ASSOCIATED LESIONS IN 30 PATIENTS 
WITH SECONDARY ENDOCARDIAL FIBROELASTOSIS 


Isolated Coarctation of Aorta 

Isolated Aortic Stenosis 6 

Combined Aortic Stenosis and Coarctation of 
Aorta 

Coarctation of Aorta and Congenital Mitral 


te 


te 


Stenosis I 
Coarctation of Aorta and Patent Ductus 
Arteriosus 3 
Aortic Stenosis, Subaortic Stenosis and l'atent 
Ductus Arteriosus 
Isolated Patent Ductus Arteriosus | 
Hypoplastic Left Heart Syndrome* 5 
Origin of Anomalous Coronary Artery from 
Pulmonary Trunk 4 
Glycogen Storage Disease I 


J 


Ventricular Septal Defect 2 
Eisenmenger’s Complex l 
Atrioventricularis Commune | 





* Syndrome characterized by hypoplastic left ventricle, aortic 
stenosis, hypoplastic aorta and patent ductus arteriosus. 


The appearance of the pulmonary paren- 
chyma varied. In the absence of clinically 
demonstrable cardiac failure, the paren- 
chyma appeared within normal limits. 
However, pulmonary congestion was dem- 
onstrated roentgenographically at some 
stage of the disease in 14 patients. When 
the hilar vessels were engorged, the vessels 
on the right side sometimes obscured the 
right heart border, “fusing” with it to give 
a false impression of a right middle lobe 
pneumonitis (Fig. 3E). This appearance 
was present in 7 patients. Pleural effusion 
was noted in 5 cases. 

Contrast studies were done on 6 patients. 
Forward angiocardiography was performed 
in 4 patients. All showed a normal sequence 
of opacification with no evidence of an 
intra- or extracardiac shunt. Slow emptying 
of the right ventricle and pulmonary ar- 
teries, suggesting poor cardiac output and 
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hic. 4. £ and B. Frontal roentgenogram of thorax and retrograde aortogram, respectively, of a 10 week old fe- 
male patient with anomalous origin of left coronary artery from the pulmonary trunk and endocardial 
f broelastosis. Roentgenograms show displacement of esophagus and aorta by enlarged cardiac chambers. 

C and D. Frontal roentgenogram and forward angiocardiogram of 2 6 month old boy with glycogen stor- 
age disease and endocardial fibroelastosis. Roentgenograms show compression of pulmonary arteries to the 
left lower lobe and compression of the right ventricle by a grossly enlarged left ventricle. 

E and F. Frontal roentgenogram of the thorax and bronchogram of a patient with endocardial fibro- 
clastosis showing left lower lobe atelectasis caused by compression of the left main stem bronchus by an en- 
larged left atrium. 


Lig 


obstruction to flow from the left side of the 
heart, was noted in 1 patient (Fig. 5, Æ to 
E). Left ventriculography in 2 patients 
showed a striking and persistent opacifica- 
tion of the left atrium, indicating the pres- 
ence of mitral insufficiency (Fig. 6,.7 to F). 
Both tv pes of procedures provided informa- 
tion concerning the size and contractility of 
the left atrium and left ventricle. Five of 
the 6 patients showed a dilated, hvpertro- 
phied, poorly contracting left ventricle; the 
findings were striking in 3 and mild to 
moderate 1n 2 patients. One patient exhib- 
ited a near normal sized left ventricle with 
fairly normal appearing contractions; this 
patient represented the only example of the 
so-called Type 11 variety of primary fibro- 
elastosis (Fig. £D). An enlarged, poorly 
contracting left atrium was observed in 5 
patients; the remaining case atypically 
demonstrated a normal sized atrial cham- 


ber (Fig. 7, D and £F). 


ROENTGENOGRAPHIC FINDINGS IN 
SECONDARY ENDOCARDIAL 
FIBROELASTOSIS 


Roentgenograms of the thorax were 
available for review in 3o of the 34 patients 
with secondarv endocardial fibroelastosis. 
The associated congenital detects in this 
group are shown in Table 1. Moderate to 
marked cardiomegaly was present in 28 
patients. At the time of the initial roent- 
genographic studies, the diagnosis of endo- 
cardial fibroelastosis was included in the 
differential diagnosis in 16 patients because 
of the size and configuration of the heart, 
the suggestion of left sided enlargement 
and normal appearing pulmonary vascu- 
lature. 

Contrast studies were carried out in 13 
patients. Satisfactory biplane contrast ex- 
aminations were available for review in 6 
patients. Left ventriculography was per- 
formed in 2 patients. In 1 of these, the 
studv demonstrated. diminished. contrac- 
tility of the left ventricle and mitral insuth- 
ciency; in addition, a peculiar configuration 
of the left ventricle associated with sub- 
aortic stenosis was demonstrated (Fig. 7, 
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A and B). In the other patient, left ventric- 
ulography demonstrated prolonged opacifi- 
cation of a smooth-walled, enlarged left 
ventricle but evidence of mitral insufh- 
ciencv was absent (Fig. 8, E and F). 

Aortography was performed in 5 patients 
and demonstrated coarctation in I, patent 
ductus arteriosus In I, aortic stenosis in 2 
and an anomalous coronary artery arising 
trom the pulmonary trunk in 1 patient. 

Forward angiocardiography was per- 
formed in 3 patients; the correct diagnosis 
was suggested 1n 2 of these because of pro- 
longed opacification of an enlarged, smooth 
walled left ventricle. In the other patient a 
lett to right shunt was demonstrated, but 
the diagnosis of fibroelastosis was not 
suspected. 

Of the 30 cases of secondary endocardial 
fibroelastosis with roentgenograms 20 (66 
per cent) had some form of obstruction to 
the left ventricle, either due to coarcta- 
tion, aortic stenosis, a combination of co- 
arctation and aortic stenosis or a hypo- 
plastic left ventricular malformation (Table 
E 

COMMENT 


Roentgenograms of the thorax in pa- 
tients with endocardial fibroelastosis usu- 
ally show moderate to marked cardio- 
megalv. The cardiac configuration in lateral 
and left anterior oblique views often sug- 
gests that the enlargement is left sided. 
Enlargement of the right heart, commonly 
present, is frequently unsuspected roent- 
genographicallv. Left atrial enlargement 1s 
nearly always present and usually causes 
compression and displacement of the esoph- 
agus; marked enlargement may cause com- 
pression of the left main stem bronchus, 
leading to atelectasis of the left lower lobe. 
Rarely, the enlarged left atrium, in frontal 
view, mav displace the esophagus far to the 
right while in lateral view the esophageal 
deformity is minimal; the esophagus ap- 
pears to “escape” from the cardiac bulk 
Mine BD and. 

The pulmonary vasculature usually ap- 
pears normal, but during periods of cardiac 
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liG. §. Forward angiocardiograms in patient 
with rare Type i1 primary endocardial fibro- 
elastosis demonstrating absent shunt, pro- 
longed and dense opacification of enlarged 
right sided chambers, pulmonary trunk and 
enlarged left atrium. 

41 and B. Frontal and lateral views, respec- 
tively, early in study. SVC-— superior vena 
cava; PT — pulmonary trunk; RV=right ven- 
tricle; RA— right auricle. 

C and D. Levogram phase in frontal and 
lateral views, showing enlarged left atrium 
(LA), normal sized left ventricle (LV), and 
prolonged, dense opacification of right ven- 
tricle (RV) and pulmonary trunk (PT). 

E. Later study. Frontal view shows en- 
larged left atrium(LA) andaorta(Ao). Left ven- 
tricle is obscured by the enlarged left atrium. 


116 [. S. Johnsrude and Lewis S. Carey May, 1965 





Vou. 94, NO. t 


decompensation pulmonary congestion is 
observed. 

Forward | angiocardiographv demon- 
strates a delaved but otherwise normal 
sequence of opacification of the cardiac 
chambers in the primary form of the disease 
and in those secondary ferms without 
shunts. In addition, enlargement of the left 
atrium and left ventricle may also be 
shown; the latter chamber mav exhibit 
decreased contractility and a thickened 
mvocardium with a smooth inner wall. In 
several cases measurements of the diameter 
ot the left ventricular chamber were made 
during systole and diastole, and it appeared 
that the largest chambers showed the 
smallest change in size. 

Selective ventriculography will readily 
demonstrate the presence and degree of 
mitral insufficiency which is usually pres- 
ent; only 1 patient (with secondary endo- 
cardial fibroelastosis) in whom contrast 


Endocardial Fibroelastosis au 
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studies were done showed no evidence of 
mitral insufficiency (Fig. 8, E and F). 

The findings on conventional studies are 
not specific for primarv and secondarv 
endocardial fibroelastosis. There are other 
conditions which appear similar roentgeno- 
graphically and which require differentia- 
tion. For example, patients with anomalous 
origin of a coronary artery from the pulmo- 
nary trunk often show electrocardiographic 
and vectorcardiographic signs of mvocar- 
dial ischemia; glycogen storage disease may 
be identified by muscle biopsy. Cardio- 
megaly due to myocarditis may gradually 
diminish as the condition resolves; this is 
not a feature of endocardial fibroelastosis. 
Mitral valvular disease of rheumatic origin 
may be tmpossible to differentiate from 
hbroelastosis in the absence of a history of 
rheumatic fever; the age of the patient 
should be taken into consideration since 
rheumatic valvular disease is extremely 


Fic. 6. Mitral insufficiency in primary endocardial fibroelastosis. 
4-C. Lett ventriculograms of a 4 year old patient. Frontal and lateral views showing enlarged, smooth 
walled, left ventricle (LV), moderately enlarged left atrium (LA) and mitral insufficiency. Contractility of 


both chambers is demonstrated. 


LHF. Left ventriculograms in a 16 year old patient. Frontal anc lateral views showing marked enlarge 
ment of left atrium (LA) and left ventricle (LV) and mitral insuficiency. Æ and F, obtained during ven. 
tricular diastole and systole, respectively, show contractility of left ventricle but poor opacification of aorta 
(Ao), suggesting incomplete emptying of left ventricle. 
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Fic. 7. Æ and B. Left ventriculograms of an 8 week old female patient with secondary endocardial fibro- 
elastosis, subaortic stenosis, valvular aortic stenosis and patent ductus arteriosus. Frontal and lateral 
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rare in infancy and earlv childhood. Some 
other conditions which mav be associated 
with mitral insufficiency include Marfan’s 
syndrome, Hurler's disease and isolated 
congenital mitral insufficiency. 

A positive skin reaction to mumps anti- 
gen has been demonstrated in patients with 
both primary and secondary forms of the 
disease.! A positive test enhances the clini- 
cal suspicion of fibroelastosis but cannot 
serve to differentiate between the two 
forms of the disease. This being the case 
and since there is a high incidence of left 
sided obstructive lesions associated with 
hbroelastosis, it is our opinion that all cases 
of suspected fibroelastosis should have 
angiocardiographic studies, particularly 
aortegraphy and left ventriculography. 
Ideally, aortography should be performed 
selectively by advancing a catheter from 
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the right brachial or axillary artery; the 
catheter tip should be positioned just above 
the aortic valve. In this fashion, the size of 
the aortic valve ring, the anatomy of the 
aortic cusps, and the appearance of the 
supravalvular portion of the aorta will 
provide valuable information concerning 
the tunctional state of the aortic valve. In 
addition, coarctation of the aorta or an 
anomalous origin of a coronary artery from 
the pulmonary trunk, if present, mav be 
defined. in the latter condition, contrast 
material flows from the aorta into an en- 
larged right coronary artery, then through 
anastomotic branches into a small left 
coronary artery and, finally, into the pul- 
monary trunk. In the absence of significant 
aortic stenosis, the tip of the catheter can 
often be advanced into the left ventricle; in 
this way, the size and contractility of this 
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view, respectively, showing mitral insufficiency. Peculiar configuration of base of left ventricle (LV) in 
frontal view possibly secondary to subaortic stenosis. 

C-F. Right ventriculograms of a 20 month old male patient with primary fibroelastosis. C. Frontal view 
early in study showing striking enlargement of right ventricle. Serpentine appearance of the left lateral 
margin of the outflow tract of right ventricle (RV) is caused by hypertrophy of muscle bundles. D and E. 
Subsequent roentgenograms in frontal and lateral views, respectively. Normal sized left atrium (LA) and 
the left ventricle (LV) are opacified. The thickened interventricular septum is also shown. F. Lateral film 
exposed § seconds after the injection into the right ventricle was completed. Persistent opacification of 
right ventricle and pulmonary trunk suggesting diminished cardiac output. The enlarged left ventricle is 
alse shown. 
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chamber and the degree of mitral insufh- 
ciency may be defined. 


SUMMARY 


A study of £6 cases of endocardial fibro- 
elastosis has been made with emphasis on 
the roentgenographic and  angiocardio- 
graphic features of the disease. 

If unassociated with other forms of con- 
genital heart disease, the condition is classi- 
fied as primary and preferentially involves 
the left side of the heart. The left ventricle 
may be dilated or contracted; the latter 
form is rare and is associated with à normal 
sized or contracted left ventricle. 

Secondary endocardial fibroelastosis is 
most commonly associated with coarcta- 
tion and/or aortic stenosis, and is invari- 
ably present when an anomalous left coro- 
nary artery arises from the pulmonary 
trunk. 

The important roentgenographic findings 
are moderate to marked left-sided cardio- 
megalv and normal appearing lung fields. 
Right ventricular enlargement is commonly 
present but often unrecognized in conven- 
tional studies. 

Angiocardiographic studies will usually 
reveal an enlarged, smooth walled, poorly 
contracting left ventricle and insufficiency 
of the mitral valve. 
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Endocardial Fibroelastosis 
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The use of selective aortography and left 
ventriculegraphy in all cases of suspected 
hbroelastesis is recommended in order to 
confirm the presence of mitral insufficiency, 
to define obstructive lesions in the aorta 
and to exclude the presence of an anoma- 
lous origin of a coronary arterv from the 
pulmonary trunk. 


Irwin 5. Jobnsrude, M.D. 
University of Minnesota Hospitals 
Minneapolis, Minnesota 


The authors wish to express their apprecia- 
tion to Dr. J. A. Moller and Dr. J. E. Edwards 


for their interest and guidance during this study. 
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Fic. 8. Angiocardiographic findings in secondary endocardial Abroelastosis. 

4 and B. Forward angiocardiograms of a 6 month old patient with associated glycogen storage disease. 
Frontal views 4) exposed during atrial systole and (B) atrial diastole showing contractility of the left 
atriam but little or no contractility of the left ventricle. 

C and D. Forward angiocardiograms of a patient with aortic stenosis, coarctation of aorta and endocar- 
dial fibroelastosis. Frontal and lateral views, respectively, showing enlarged, densely opacified left atrium 
(LA) and left ventricle (LV). Smooth outline of left ventricle is wel shown in lateral view. Poorly opacified 


aorta (Ao) suggesting low cardiac output. 
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E and F. Selective left ventriculograms of a patient with aortic stenosis and associated endocardial 
fibroelastosis. Frontal and lateral views, respectively, showing a smooth walled, densely opacified left 
ventricle (LV), Atypically, no mitral insufficiency was demonstrated. Ao = Aorta, 
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L'THOUGH congenital absence of the 
pericardium was first described? over 
400 years ago, there are fewer than 120 
cases repor ted in the literature of the past 

250 years. The condition has thus been 
recognized only on rare occasions in the 
past and, with few exceptions, most diag- 
noses of congenital absence ot the peri- 
cardium have been made incidentally at 
autopsv or during various thoracic surgical 
procedures. Since Ellis and his associates? 
recorded what is probablv the first case 
recognized roentgenographically in 1959, 
there 
cases reported in the literature.'” 
The major purpose of this paper is to em- 
phasize that, although this lesion is rarely 
recognized, certain features, especiallv the 
roentgenographic findings, are sufficiently 
distinctive to warrant more frequent ap- 
preciation. 

The deficiency is left sided in the over- 
whelming percentage of cases reported. 
Fortunately, the relatively benign condi- 
tion of complete absence of the left peri- 
cardium is more frequent than a partial de- 
fect through which the heart maw herniate 
and produce serious symptoms. Right sided 
lesions and complete absence of the entire 
pericardium are extremely rare. Associated 
congenital anomalies are not infrequent, 
occurring in about 30 per cent of the re- 
ported cases. Congenital cardiac detects de- 
scribed include atrial septal defect, patent 
ductus arteriosus, and bicuspid aortic 
valve. Other anomalies include broncho- 
genic cysts, pulmonary sequestration and 
diaphragmatic hernia. The lesion occurs 
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has been an increasing d of 


predominantly in males in a ratio of about 
Beh. 

Little indication of the presence of un- 
complicated congenital pericardial def 
ciency can be gained from the patient's his- 
tory or from physical examination. If her- 
niation and strangulation of the atrium, 
atrial appendage or ventricle through a 
partial defect do not occur, pericardial ab- 
sence apparently does not produce signif- 
cant symptomatologv and a normal hte 
span is to be expected." Several voung 
adults whose case histories are available 
have complained of vague chest pain, pre- 
sumed in retrospect to be due to torsion of 
the great vessels secondary to the abnor- 
mal mobilitv of the heart. However, with 
herniation of the left atrium or left ventri- 
cle through a partial pericardial detect, 
severe chest pain has been described. 

Cardiac murmurs, when present, are not 
specific for the condition. The murmurs are 
usually systolic and most often heard in the 
and left intercostal space. They are not the 
tvpical ejection murmurs of valvular pul- 
monary stenosis, a condition which might 
be suspected from the chest roentgenogram. 
One finding commonlv observed in these 
patients is bradvcardia. Among the manv 
functions attributed to the intact pericar- 
dium 1s its regulation of diastolic cardiac 
volume, although Moore and Shumacker!” 
did not find anv cardiac dilatation in 65 
dogs subjected to partial or total pericar- 
diectomy. If in the human the pericardium 
does play a role in containment of cardiac 
volume, it would seem that in this condi- 
tion a bradycardia might exist in associa- 
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tion with a large stroke volume. 

Striking similarities are to be noted in 
published electrocardiograms in this condi- 
tion. There is usually marked deviation of 
the frontal QRS axis in the neighborhood of 
+120°. Fowler? draws the analogv between 
these electrocardiograms and those taken 
in normals in the left lateral decubitus bodv 
position, thus attributing the electrical 
changes to abnormal heart position. 


ROENTGEN FEATURES 
The roentgen features of complete lett- 


sided pericardial defect are sufficiently 


characteristic to allow identification on 
routme chest examinations. They may be 
classified into four c categories: 

Routine Chest Roentgenograms. Several 


diagnostic features of complete absence of 


the left pericardium mav be appreciated on 
a single posteroanterior view of the chest 
(Fig. 14; and 6.7). There is marked levo- 
position of the entire cardiac silhouette. 


This may result in a false impression of 


cardiomegalv if one fails to recognize the 
right heart border over the midline or left 
border of the spine. The contour of the left 
heart border is abnormally prominent due 
to accentuation of the convexities of the 
aortic knob, the main pulmonary artery 
and the left ventricle. In addition, the space 
between the aorta and the main olio: wy 
artery 1s widened, resulting in sharp demar- 
cation of the pulmonary artery. The pul- 
monary vasculature is unremarkable. The 
trachea and esophagus assume a midline 
position despite the marked levoposition of 
the aorta. The inferior cardiac border is 
Hattened and slightly elongated and there 
commonly is interposition of lung between 
the left dome of the di aphragm and the in- 
ferior cardiac border. 
the chest may show displacement of the 
cardiac silhouette posteriorly and absence 
of a clearly defined cardiac border ante- 
riorly (Fig. 15; and 65). 

Cardiac Fluoroscopy. Fluoroscopy con- 
firms the findings noted on routine studies. 
There is hypermobility of the heart and, 
in addition, the cardiac pulsations appear 
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Fic. 1. Case 1. (4) Posteroanterior roentgenogram. 
Findings include levocardia, prominent left heart 
border, elongation and flattening of the inferior 
cardiac border and interposition of lung between 
the diaphragm and inferior heart border. The 
trachea and esophagus are in the midline. (B) 
Lateral roentgenogram. There is displacement of 
the heart posteriorly and absence of a clearly de- 
fined cardiac border anteriorly. 


to be of increased amplitude. The promi- 
nent pulsations are probably due to the 
bradycardia often observed in these pa- 





lig. 2. Case 1. Left lateral decubitus roentgenogram 
after introduction of 500 cc. of air into the left 
pleural space. The appearance of a pneumoperi- 
cardium confirms presence of a pericardial defect. 


tients and may also result from the accen- 
tuated appearance of the structures com- 
prising the left heart border. 

Angiocardiography. This procedure serves 
the primary function of ruling out other 
cardiac abnormalities. In addition, it con- 
firms the abnormal cardiac position in a 
positive manner. 

Diagnostic Pneumothorax. The diagnosis 
of congenital defect of the pericardium may 
be confirmed by demonstrating a pneumo- 
pericardium after the introduction of about 
coo cc. of air into the left pleural space 
(Fig. 2; and 7). This may be seen soon after 
the induction of the pneumothorax, but oc- 
casionally will not be observed until several 
hours later. Air mav also outline the root 
of the ascending aorta and pulmonarv ar- 
tery. Demonstration of the pneumoperi- 
cardium requires careful and proper posi- 
tioning. The ideal position 1s with the pa- 
tient lving on the left side in a slight right 
posterior oblique utilizing a horizontal 
beam.! This avoids superimposition of the 
right heart border on the spine and vet al- 
lows air to pass freely into the pericardial 
sac if a defect is present. Roentgenograms 
taken in inspiration and expiration are val- 
uable while in this position. Failure to out- 
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line the pericardium with air does not 
necessarily rule out a pericardial defect as 
it 1s possible that adhesions may prevent 
passage of air over the pericardium. 

The pneumothorax mav also be utilized 
to demonstrate other features. Àn antero- 
posterior recumbent view will reveal gas 
between the left dome of the diaphragm and 
the flattened inferior surface of the heart 
(Fig. 3; and 8). In addition, upright and 
supine lateral views of the chest will reveal 
marked mobility as the heart may be dis- 
placed dramatically away from the anterior 
chest wall (Fig. 4; and 9). 

That these findings are suff ciently char- 
acteristic to warrant ready recognition of 
this entity is substantiated in the following 
case reports. 


REPORT OF CASES 


Case 1. A 13 year old white female was ad- 
mitted to the Mary Fletcher Hospital for 
evaluation of an "enlarged heart," which was 
first discovered 4 years prior to admission when 
chest roentgenograms were taken because of ex- 
posure to tuberculosis. She had been asympto- 
matic until I year previously when she noted 
the onset of exertional fatigue and lightheaded- 
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Fic. 3. Case 1. Anteroposterior recumbent roent- 
genogram after diagnostic pneumothorax. Air 
passes freely between the base of the aorta and the 


pulmonary artery as well as beneath the heart. 
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ness. There was no history of dyspnea, chest 
pain, cyanosis, or signs of congestive cardiac 
failure. No past history of rheumatic fever or 
scarlet fever was obtained. The patient's mother 
had been pre-eclamptic during this pregnancy, 
and the patient was born 3 weeks prematurely 
with a birth weight of 4 lb. 5 oz. Growth and de- 
velopment had been unremarkable and the 
usual childhood diseases were contracted with- 
out sequelae. 

On physical examination the heart rate was 
so min. blood pressure 100/58 mm. Hg, 
respiration 24/min. and temperature 37°C 
Positive physical findings were limited to ex- 
amimation of the chest. The point of maximal 
cardiac impulse was in the sth left intercostal 
space 2-3 cm. lateral to the midclavicular line. 
The second heart sound in the pulmonic area 
was normally split with normal respiratory 
variation in the split. A» was greater than P». A 
Grade 11, vi short, high-pitched, blowing sys- 
tolice murmur was heard over the entire pre- 
cordium, but was loudest in the 2nd left inter- 
costal space near the sternum. There was no 
associated thrill palpable. The murmur was aL 
most undetectable with the patient in a sitting 
position, Peripheral pulses were normal, and no 
clubbing or cvanosis was evident. 

The electrocardiogram revealed marked right 
axis deviation, with terminal conduction defect 
seen bestin leads II, III, and V;-Vs. Right 
ventricular hypertrophy could not be diagnosed 
from this tracing. The vectorcardiogram was 
normal and thus suggested that the electro- 
cardiographic changes were on the basis of the 





lic. 4. Case 1. Supine lateral roentgenogram after 


pneumothorax. The heart is quite 
mobile and falls posteriorly, considerably away 
from the sternum. 


diagnostic 
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lic. 5. Case 1. Exploratory thoracotomy. There 
is complete absence of the left pericardium. 


terminal conduction defect, and perhaps par- 
tially due to marked positional changes. 

Posteroanterior and lateral roentgenograms 
(Vig. 1, Æ and B) revealed the cardiac shadow 
to be displaced into the left hemithorax. There 
was prominence of this left heart border, espe- 
cially of the pulmonary artery segment. No 
localized chamber enlargement was evident. 
Pulmonary vasculature appeared to be within 
normal limits. The trachea and esophagus were 
in the midline. There was interposition of lung 
between the flattened inferior surface of the 
heart and the left diaphragm. The lateral view 
revealed displacement of the heart posteriorly 
and absence of a clearly defined anterior heart 
border. On fluoroscopy, pulsations of the promi- 
nent pulmonary artery segment were not in- 
creased, and the aorta was of normal size. 

It was decided that simple right heart cathe- 
terization should be performed to rule out left- 
to-right shunts and pulmonary hypertension. 
This study revealed no evidence of shunt at 
any level and pressures throughout the right 
heart and in the pulmonarv arteries to be nor- 
mal. Cineangiocardiography showed no ab- 
normality other than levoposition of the heart. 

Five hundred cubic centimeters of air were 
then introduced into the left pleural space by 
Dr. D. B. Miller. Roentgenograms obtained 
in the left lateral decubitus position about 1 
hour later delineated the right wall of the peri- 
cardium (Fig. 2). Air passed freely between 
the base of the pulmonary artery and the 
aorta, amd also beneath the heart border (Fig. 
3). With the patient in the supine position, an 
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l'1G. 6. Case 11. (4) Posteroanterior roentgenogram. 
Findings include levocardia, accentuation of the 


left heart border (especially the pulmonary 
artery), prominent pulmonary vasculature, and 
interposition of lung between the diaphragm and 


the elongated and flattened inferior heart border, 
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abnormally large retrosternal space was seen as 
the heart dropped freely posteriorly (Fig. 4). 

An exploratory thoractomy was performed 
with the intent of creating a left pericardium 
from parietal pleura. The heart was seen to be 
freely occupying the left anterolateral aspect of 
the chest. The heart’s contour was altered in 
that the myocardium had developed a curva- 
ture corresponding to the dome of diaphragm. 
Total absence of the left pericardium without 
evidence of fenestration through which cardiac 
herniation might occur was noted (Fig. 5). The 
major vessels were rotated but otherwise ap- 
peared normal. Attempts at surgery to restore 
the heart to the midline produced immediate 
and serious drops in blood pressure, possibly by 
virtue of great vessel torsion. The procedure 
was therefore terminated, and the patient re- 
covered uneventfully from the surgical inter- 
vention. 


Case II. A $3 year old white male farmer was 
admitted to the Indiana University Medical 
Center in January, 1962, with the chief com- 
plaint of progressive dyspnea on exertion and 
decreasing effort tolerance. He had been well 
until age 35 when he first experienced a bout of 
palpitation. Since then he had evanescent at- 
tacks of palpitation and in 1952 he developed 
exertional dyspnea and mild dizziness. The 
dyspnea progressively worsened and for the 
year prior to admission he noted decreasing 
effort tolerance. Past history included rib frac- 
tures at the age of 20 years and an appendec- 
tomy in 1956. 

Physical examination revealed the heart rate 
to be 34/min., blood pressure 100/58, respira- 
tion 16 and temperature 98.4°F. Positive find- 
ings were limited to the chest. The precordium 
was hvperactive and the maximum cardiac im- 
pulse was palpable in the 7th lett interspace in 
the mid-axillary line. There was a Grade 3 sys- 
tolic murmur over the entire precordium with 
maximum intensity in the second left inter- 
space. The second heart sound was widely split 
and fixed in response to respiration. P» was in- 
creased. An audible third sound was heard at 
the apex. 

The electrocardiogram was very abnormal, 


The trachea and esophagus are in the midline. (B) 
Lateral roentgenogram. The heart is slightly dis- 
placed posteriorly and the anterior heart border is 
poorly defined. 
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showing evidence of right ventricular hyper- 
trophy and right axis deviation. There was a 
first degree atrioventricular heart block and 
marked clockwise rotation. There was 
questionable evidence of an old anterior myo- 
cardial infarction. 

Posteroanterior and lateral roentgenograms 
(Fig. 6, £ and B) revealed marked levoposition 
of the heart and accentuation of the structures 
of the left heart border, especially of the main 
pulmonary artery. The space between the aorta 
and pulmonary artery appeared unusually wide. 
The pulmonary vasculature was increased. In- 
terpesition of the left lung was prominent be- 
tween the elongated and flattened inferior heart 
border and the dome of the left diaphragm. The 
lateral view revealed the heart to be slightly dis- 
placed posteriorly and the anterior heart border 
to be poorly defined. Fluoroscopy revealed the 
pulmonary artery pulsations to be increased. 
Carciac catheterization and cineangiocardi- 
ography revealed the presence of partial anom- 
aleus venous return from the right lung into 
the superior vena cava at the juncture with the 
right atrium. A sizable left to right shunt was 
present, but no evidence of pulmonary hyper- 
tension was found. 

A diagnostic pneumothorax was performed 
by Dr. E. C. Klatte. This was followed by the 
appearance of air in the pericardial sac in 1 
hour, best demonstrated in the left lateral de- 
cubitus view (Fig. 7). In the recumbent posi- 
tion, air could be seen to outline the base of the 
aorta as well as the inferior heart border (Fig. 


also 





Fic. — Case m. Left lateral decubitus roentgeno- 
gram after the injection of 500 cc. of air into the 
left pleural space. The appearance of a pneumo- 
pericardium confirms the presence of a pericardial 
defect. 
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Case 11. Anteroposterior recumbent roent- 
genogram after diagnostic pneumothorax. Air 
passes freely between the base of the aorta and the 
pulmonary artery and beneath the heart. 


8). In the lateral position the heart was dis- 
placed posteriorly away from the sternum (Fig. 
oJ. 

The patient returned the following month for 
surgery for correction of the anomalous pul- 
monary venous drainage. Complete absence of 
left pericardium was confirmed at surgery. The 
postoperative course was uncomplicated and he 
was discharged after 7 days. It was noted that 
the pulse rate had dropped from a preoperative 
level of 82 to a pulse varying between 32 and 60. 


SUMMARY 


The clinical and roentgenologic features 
of congen:tal complete absence of the left 
pericardium have been presented along 
with illustrative case material. The roent- 
genologic features are sufficiently charac- 
teristic to warrant easy recognition and the 
diagnosis can be confirmed with a diag- 
nostic pneumothorax. However, since the 
roentgenographic findings are so strikingly 
similar in the cases reported to date, diag- 
nostic pneumothorax, with its possible 
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partment of Radiology, Indiana University 
Medical Center, Indianapolis, Indiana, for per- 
mission to use the roentgenograms in Case rr. 


Fic. 9. Case u. Lateral roentgenogram after diag- 
nostic pneumothorax. There is marked mobility of 
the heart as it falls posteriorly away from the 
sternum, 


hazards, may soon no longer be considered 
necessary in establishing the diagnosis ex- 
cept in those cases where surgery is con- 
sidered for correction of a partial defect. 
John P. Tampas, M.D. 

Department of Radiology 

Mary Fletcher Hospital 

Burlington, Vermont 
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V5 ALIZATION of the thoracic aorta 
has been successfully performed for 
ever 25 vears with the intravenous method 
GF AanvmoObdrdlGgrapliy- odo DUST deeds 
Because of the coexisting opacification of the 
left atrium and ventricle after intravenous 
engiocardiographv, visualization of the 
coronary arterial svstem, aortic valves, and 
aortic sinuses has required selective tech- 
riques, Supravalvular aortic stenosis, an 
eorticopulmonary window, and patent duc- 
tus arteriosus also require selective aortog- 
raphy for definitive diagnosis." Even 
tiough intravenous angiocardiography al- 


lews visualization of the brachiocephalic 
origins of the great arteries," the distal 


portions of the carotid, vertebral, and the 
entire cerebral circulation are better opaci- 
fied with direct selective arteriographic 
techmques.?71, 1.05955. In. this paper the 
value of intravenous thoracic aortography 
is reiterated and additional data ie 
ing the value and superiority of selective 
catheter techniques for diagnosis of disease 


o the aorta and its brachiocephalic 
branches are presented. 
METHODS AND MATERIALS 


Tee Mover: to e nud ue Dieu: 
ously published.*:15:/19:35:3? [n every instance 

a Raa E dunEcdetenmitna: 
tien with dilute decholin (sodium dehydro- 
cholate, 20 per cent) was made in order to 
estimate the time and number of roentgeno- 
grams necessary for visualization of the 
entire cardiovascular system. The Schó- 
nander Elema apparatus, usuallv in a single 
plane, was used for serial contrast roent- 
genography. A second examination in an- 
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other projection was regularly made at the 
completion of the first series. Selective 
thoracic aortographv was performed via 
the percutaneous transfemoral or transaxil- 
lary approach using the Gidlund appara- 
tus." Serial contrast roentgenography was 
also performed with the Schónander Elema 
device. The material of this report consists 
of the presentation of a series of patients 
with aneurvsmal disease of the ascending 
aorta andor aortic sinuses, truncus arteri- 
osus, brachiocephalic arterial buckling 
and/or dilatation, and coarctation of the 
aorta. Intravenous angiocardiography and 
selective aortography were used, respec- 
tively, for study of cardiovascular disease 
in these patients. 


ILLUSTRATIVE CASES 


Case 1. Dissecting aneurysm of ascending 
aorta due to medial degeneratton”’? in a 38 year old 
man with congenital bicuspid valves of aorta, 
Sudden onset of excrutiating chest pain during 
a New Year's partv required. the. hospitaliza- 
tion of this patient (at another hospital) for a 
month. pericardial effusion spontaneously 
subsided and the patient became asymptomatic 
and returned to work. A cardiac murmur had 
been heard at birth, during school, and military 
examinations but had not restricted activities 
of the patient. The heart, especially the left 
ventricle and ascending aorta, was enlarged 
several months after onset of chest pain (Fig. 1, 
1 and B). There were systolic and diastolic 
murmurs ar the base of the heart consistent 
with aortic stenosis and regurgitation. The 
blood pressure was 118/74 mm. Hg. 

Intravenous angiocardiography in the erect 
seated position and with a single arm injection 
of concentrated contrast medium on July 1, 
1963, disclosed a prolonged circulation time 
(22 seconds}, deformity of the right atrium by 
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Fic. 1. Case L Intravenous angiocardiozraphy in aneurysmal dilatation of the ascending aorta. (A) Teleroent- 
genogram showing enlargement of the left ventricle and ascending aorta. (B) Left anterior oblique roent- 
genogram of the chest showing the hege left ventricle and dilated ascending aorta. (C) Left anterior oblique 
angiocardiogram revealing the enlarged left ventricle and aneurysmally dilated ascending aorta. (D) 
Postoperative angiocardiogram shoving the dacron graft replacing the aneurysm. (The latter study was 
made available by Dr. M. E. De Bckev.) 
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Fic. 2. Case 1. Aortic insufficiency and aneurysm of aortic sinuses in Marfan's syndrome. (/4) Conventional 
teleroentgenogram showing a normal heart. (B) Selective aortogram demonstrating aortic regurgitation 
in à patient with aneurysmal dilatation of the aortic sinuses. 


a hugely dilated ascending aorta, and enlarge- 
ment of the pulmonary artery and branches. 
The left atrium was also enlarged, while the left 
ventricular cavity was dilated and the wall en- 
larged (15 mm.) (Fig. 1C). The ascending aorta 
was aneurysmally dilated measuring 9o mm. 
in mid-ascending portion (upper limits of nor- 
mal, 58 mm.) (Fig. 1C). At operation at another 
hospital on July 18, 1963, using extracorporeal 
circulation and coronary perfusion, a dissecting 
aneurysm of the ascending aorta associated 
with aneurysmal dilatation of the ascending 
aorta was tound. Bicuspid aortic valves produc- 
ing moderate aortic insufficiency were also ob- 
served. The dissecting aneurysm was excised 
and replaced with a 30 mm. dacron tubular 
prosthesis. The patient made an uneventful 
recovery and intravenous angiocardiography, 
prior to discharge on the seventeenth postop- 
erative day, showed the well functioning graft 
and heart (Fig. 1D). 


Case IL Aortic sinus aneurvsm and aortic 
regurgitation in a 22 year old asymptomatic man 
with Marfan's syndrome. A diastolic aortic 
murmur, discovered during physical examina- 


tion prior to blood transfusion, in a tall (6 feet, 
5 inches) thin patient with a slight sternal de- 
formity, high arched palate, but normal sized 
heart (Fig. 2.7) led to percutaneous trans- 
femoral retrograde aortography in order to 
visualize the aorta and aortic sinuses. This re- 
vealed aneurysmal dilatation of the aortic 
sinuses and moderate aortic regurgitation (Fig. 


2B). 


Case 1m. Idiopathic pericardial effusion in a 
28 year old man with an unsuspected aneurysm of 
the ascending aorta, probably due to “forme 


fruste ? type of Marfan's syndrome. This patient 


was referred from another hospital because of 
an enlarged cardiac silhouette. Angiocardio- 
grams showed a large pericardial effusion, a 
normal-sized heart, and a markedly dilated 
ascending aorta (Fig. 5, 4, B and C). Following 
pericardiocentesis the patient improved and 
was discharged. He died 3 years later, at the 
other hospital, of rupture of the aortic aneu- 
rvsm. 


Case 1v. Dextrocardia, situs inversus, single 
atrium and ventricle with pulmonary arteries to 


upper and lower lobes from truncus arteriosus, 
anomalous pulmonary veins to single etrium, and 
bilateral superior venae cavae. A 2 year old fe- 
male cvanotic child was admitted because of 
seizures. Examination revealed a thir, cyanotic, 
polycythemic child with an enlargel heart in 
the right hemithorax and a plethor:c lett lung 
field (Fig. 4,7). There was a funnel chest and 
deformity of the left lower portion of the esoph- 
agus (Fig. 4B). A loud continuous murmur was 
heard over the left hemithorax. Biplane intra- 
venous angiocardiograms on September ro, 


1963, showed filling of an atrium and ventricle 
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Fic. 3. Case un. Intravenous angiocardiography 


demonstrating aneurysmal dilatation of the 
ascending aorta in a patient with pericardial 
effusion. (A) Frontal angiocardiogram show- 
ing the soft tissue density of pericardial ef- 
fusion adjacent to the opacified right 
atrium. (B) Angiocardiogram revealing the 
large unopacified shadow (arrow) beyond 
the opacified left ventricle (LV), and the 
aneurysm of the ascending aorta (AQ). (C) 
Left oblique angiocardiogram also showing 
the aneurysm of the ascending aorta (ar- 
rows): LA is the left atrium; LV, the left 
ventricle: and AO the aorta. 


from which arose a wide aorta. Also arising from 
the aorta were a pair of pulmonary arteries 
which inserted into both upper lobes, and below 
these another set of arteries going into the lower 
lobe (Fig. 4C). Later in the series, huge pul- 
monary venous channels were seen connecting 
with a left superior vena cava and draining into 
the single atrium (Fig. 4D). Thoracic aortog- 
raphy via the transfemoral route was performed 
> days later in order to better visualize the 
truncus arteriosus and the anomalous pulmo- 
nary arterial and venous systems (Fig. 4, Æ and 
F). A later serial angiogram showed retrograde 
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lic. 4. Case iv. Truncus arteriosus, pulmonary arteries arising from aorta, anomalous pulmonary veins to single 
atrinm, single ventricle, dextrocardia with situs inversus, and bilateral superior venae cavae demonstrated by 
intravenous angiocardiography and selective thoracic aortography. (4) Frontal teleroentgenogram showing 
a markedly enlarged heart in the right hemithorax and plethoric pulmonary vasculature in left lung. (B) 
Lateral esophagram demonstrating a funnel chest and indentation of esophagus. 


opacification of a left superior vena cava and 
opacification of the right superior vena cava 
from the cerebral circulation (Fig. 4G). 


Case v. Buckling of right subclavian artery" 
in a 60 year old woman. A pulsatile “lump” 


in the right side of the neck in a hypertensive 
(250/135 mm. Hg) patient was demonstrated 
by simultaneous bilateral intravenous angio- 
cardiography to be due to a buckled right sub- 
clavian artery (Fig. 5). Intravenous abdominal 
aortography also disclosed a tortuous abdom- 





Fıs. 4. (C) Frontal angiocardiogram revealing a single atrium and ventricle with upper and lower paired 
pulmonary vessels from the aorta going to the upper and lower lobes of each lung respectively. (D) Later 
in the series pulmonary veins from both lungs are seen to collect blood in a channel which receives blood 
from the left vena cava and inserts into the single atrium. 





inal aorta, aortoiliac, and iliofemoral arteries. 
An arteriosclerotic plaque was also seen at the 
origin of the right renal artery. Percutaneous 
retrograde transfemoral arteriography in order 
to better visualize the renal arteries could not 
be performed because of severe iliotemoral tor- 
tuosity. 


Case vi. Buckling of the innominate artery? 
in a 72 year old hypertensive (180/700 mm. Hg) 
Negro simulating mediastinal tumor. This pa- 
tient was admitted to the hospital after conven- 
tional roentgenograms of the chest showed a 
right superior anterior mediastinal mass (Fig. 
6, 4 and B). Brachiocephalic arteriography via 
the percutaneous transfemoral route demon- 
strated buckling of the right innominate artery 


(Fig. 6, C and D). 


Case vir. Aneurysmal dilatation of innomt- 
nate artery in a 43 year old hypertensive (190/95 
mm. Hg) and arteriosclerotic Negress. X pulsatile 
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l'1G. 4. (E) Selective aortogram clearly show- 
ing the anomalous arteries from the aorta. 
(F) Later, the venous collecting channels 
inserting into the atrium are seen. (G) Still 
later,the return of the cerebral blood into 
the right superior vena cava and right 
atrium is also demonstrated. 


mass in the right side of the neck had been 
present for § years in this patient. Percutaneous 
transfemoral selective arteriography of the 
innominate artery disclosed aneurysmal dilata- 
tion of the innominate artery with buckling 
and dilatation of the right carotid artery (Fig. 
7, A and B). Surgery was not suggested to the 
patient because of widespread arteriosclerotic 
involvement of the peripheral vascular system. 


Case vill. Coarctation of the aorta in a 49 year 
old woman. At the age of 35 years, while in 
Puerto Rico, this patient developed palpitation, 
chest pain, and hypertension. At the age of 44 
years, subtotal gastrectomy for a bleeding pep- 
tic ulcer was performed at another hospital. 
Coarctation of the aorta was also diagnosed but 
operation was not advised. She was admitted 
to this hospital because of dizziness. The blood 
pressures were: right arm, 225/80; left arm, 
200/90; and both legs 140/100 mm. Hg. 
Whereas both wrist pulses and carotid arteries 
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were vigorous, the lower extremity pulses were 
diminished. À roentgenogram of the chest dem- 
onstrated enlargement of the heart, chiefly of 
the left ventricle, a deformed aortic knob, and 
notching of the ribs (Fig. 84). 

Percutaneous transfemoral aortograms showed 
occlusion of the thoracic aorta (Fig. 8B). Left 
axillary selective arteriography was then per- 
formed but the catheter could not be advanced 
into *he aorta (Fig. 8C). Serial roentgenograms, 
however, well demonstrated the huge collaterals 
(Fig. 8, D, E and F). The next day, intravenous 
angiecardiograms in the erect seated left 


oblique position demonstrated two sites of 


coarctation (Fig. 8G). 


Cast 1x. Coarctation of the aorta in an asymp- 
fomaiic 28 year old Negress. Hypertension 
(160,90 mm. Hg) was discovered in both arms 
during the routine pre-employment physical ex- 
amination of the patient. The blood pressure in 
the legs was absent. The conventional roent- 
genozram of the chest showed a normal-sized 
heart with deformity of the aortic knob and rib 
notching. Selective right axillary thoracic aor- 
tography in the left anterior oblique position re- 
vealed coarctation of the thoracic aorta, dilata- 
tion of the innominate and left subclavian ar- 
teries, poststenotic dilatation of the descending 
aortz and numerous collaterals (Fig. 9.7). An- 
other study in frontal view also showed the 
coarctation of the aorta and the widespread col- 
laterals (Fig. 9B). Subsequently, the coarctated 
segment was resected and the aorta reapproxi- 
mated. Recovery was uneventful and the pa- 
tient became normotensive. 


DISCUSSION 


The diagnosis of aortic sinus dilatation 
and aneurvsm of the ascending aorta, 
which frequently accompanies Marfan’s 
syncrome, can be readily made by intra- 
venous  angiocardiography.??*?*3* The 
“forme fruste” type of Marfan’s syndrome 
should be suspected when aneurysmal 
dilatation of the ascending aorta and aortic 
sinuses is demonstrated without skeletal or 
eye stigmata (Fig. 1C; and 5, B and C).* 
Aortic insufficiency which is often associ- 
ated with dilatation of the aortic sinuses 
can best be demonstrated bv selective 
aortographv (Fig. 25). Indeed, the latter 
technique is essential for visualizing the 
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Case v. Buckling of the right subclavian artery 
demonstrated with the intravenous method of angio- 
cardiography. 


FIG. 5. 


aortic cusps, coronary arterles,/^" aortic 
sinus perforations, coronary arteriovenous 
fistulas???? and aorticopulmonary windows. 

Intravenous angiocardiography is often 
satisfactory for the diagnosis of complex 
congenital heart disease such as truncus 
arteriosus (Fig. 4, C and D). In such a case, 
the large pulmonary arteries arising from 
the aorta and the anomalous veins commu- 
nicating with a left superior vena cava and 
draining into a single atrium were recog- 
nized. However, this was definitively dem- 
onstrated by selective aortography (Fig. 4, 
E, F and G). 

The origins of the brachiocephalic ar- 
teries can usually be well visualized with 
intravenous  angiocardiography (Fig. 
£).?-4 More exquisite details, especially of 
the bifurcation of the carotid arteries, can 
be secured with selective opacification of 
the great arteries (Fig. 6, C and D; and 7, 4 
and B).939132.5,35.45 The intravenous tech- 
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l'1G. 6. Case vi. Buckling of the innominate artery demonstrated by opacification of the great vessels through a 
catheter in the aortic arch, (A) Teleroentgenogram showing cardiac enlargement (due to hypertension) and 
a right superior mediastinal mass (arrow). (B) Left oblique roentgenogram of the chest showing the anterior 
location of the mass (arrow). (C) Frontal aortogram revealing the buckled right innominate artery (arrow). 
(D) Oblique aortogram showing the unfolded and dilated innominate artery (arrow). 
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Fic. 7. Case vu. Selective innominate arteriograms showing an aneurysm of the innominate artery. (A) Left 
oblique view of aneurysmal dilatation of the innominate artery in an arteriosclerotic patient. (B) Frontal 
view also showing dilatation and tortuosity of the right common carotid artery. 


nique has been used for many years to 
demonstrate coarctation of the aorta (Fig. 
8G).*5.5.*23 Figure 8, B and C, shows that 
the selective transfemoral and axillary 
arterml routes may rarely be unsuccessful 
for vssualizing the lesion; however, it does 
appecr that selective aortographv is su- 
perio: to the intravenous technique for the 
visua ization of the collateral circulation in 
coarc-ation of the aorta (Fig. 8, D, E and 


F'; and 9, 4 and B). 


o» > 


Fic. 8. Case vii. Intravenous and selective visualiza- 
tion of coarctation of the aorta. (A) Frontal tele- 
roen-genogram showing left ventricular enlarge- 
men-, deformity of the aortic arch, and rib notch- 
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Frc. 8. (B) Percutaneous transfemoral aortogram demonstrating occlusion of the descending thoracic aorta. 
(C) Left axillary selective arteriogram showing stenosis of the subclavian artery as it joins the aorta. 
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Fic. 8. (D) Frontal selective arteriogram at a later time showing the huge left internal mammary collateral 
blood flow. (E) Lateral arteriogram of the axillary study, biplane of D, also showing the collateral circula- 
tion. (F) At a later time, the exquisite details of the thoracic collaterals are shown. (G) Left oblique angio- 
cardsogram showing the doubly coarctated segments of the aorta. 





Fic. 9. Case 1x. Axillary selective arteriography demonstrating coarctation of the aorta. (A) Left oblique aorto- 


gram. (B) Frontal aortogram. 


There is general agreement that supra- 
valvular stenosis of the aorta can best be 
demonstrated by selective aortography and 
furthermore this permits diagnostic hemo- 
dynamic pressure recordings.^* Recently, 
the association of pulmonic stenosis of the 
valves or branches has been reported.'^ It 
would seem desirable, therefore, also to 
routinelv visualize the pulmonarv arterial 
system. Figure 10, 7 and B, shows how well 
this can be done bv intravenous angiocardi- 
ographv. While selective angiocardiogra- 
phv can be used for pulmonary arterial 
visualization (Fig. 11, and 5), this tech- 
nique may obscure the details ot the supra- 
valvular aortic lesion (Fig. 11, C and D). 
More reliable is the direct supravalvular 
aortic opacification technique (Fig. 11, 


E and F). 


SUMMARY AND CONCLUSIONS 


For over 25 years intravenous anglo- 
cardiography has proved very successful for 


visualizing the thoracic aorta and its major 
branches. Aortic sinus aneurysms, thoracic 
aortic aneurysms including dissecting he- 
matomas, coarctation of the aorta, and the 
brachiocephalic arteries have also been very 
well demonstrated. 
However, the aortic 
arterial circulation, aortic sinus ruptures, 
coronary arteriovenous fistulas, and supra- 
valvular aortic stenosis require selective 
opacification in order to reveal the blood 
flow, unencumbered by the opacified neigh- 
boring cardiovascular structures. Although 
aneurysms and buckling of the brachio- 
cephalic arteries can be demonstrated by 
intravenous angiocardiography, arterio- 
sclerotic plaques and occlusive disease at the 
origins of the great vessels and at the caro- 
tid bifurcations require selective arteriogra- 
phy of these vessels. Similarly, truncus 
arteriosus, aorticopulmonary window, and 
patent ductus arteriosus can best be diag- 
nosed by selective aortography techniques. 


cusps, coronary 
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Fic. 10. Supravalcular aortic stenosis in a 28 year old man, (A) Intravenous frontal angiocardiogram showing 
the intact pulmonary arterial system. (B) Left oblique angiocardiogram also showing pulmonary arteries. 
(C) Frontal selective aortogram showing the supravalvular aortic stenosis. (D) Lateral aortogram, biplane 
of C, also showing the supravalvular aortic stenosis. 


Coarctation of the aorta can be well demon- 
strated with intravenous angiocardiogra- 
phy; however, the collateral circulation 1s 
more clearly defined with the catheter 
technique. 

Improvements 1n serial roentgen appara- 
tus have greatly enhanced contrast roent- 


genograph y of the thoracic aorta. Mechani- 
cal pressure devices have also improved the 
injection of contrast agents into the various 
parts of the cardiovascular svstem. For the 
most efficient result in demonstrating a 
thoracic aortic lesion, the angiocardiog- 
rapher should be acquainted with both the 
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l'1G. 11. Supravalvular aortic stenosis in a 4 year old girl showing su pertority of selective aortic valvular visualiza- 
tion over selective right ventricular and pulmonary arterial angiocardiography. (4) Frontal selective angio- 
cardiogram with catheter in outflow tract of the right ventricle showing an intact pulmonarv arterial 
system. (5) Biplane of 4, showing normal pulmonary arteries. (C) Only the supraortic stenosis but 
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intravenous and selective techniques. Ide- 
allv, he should be in a position to select the 
procedure which will establish the diagnosis 
definitively. In some cases it may be neces- 
sary, in order to secure more complete 
information regarding thoracic aortic dis- 
ease, to perform both techniques. 


Israel Steinberg, M.D. 

lhe New York Hospital-— 
Cornell Medical Center 

s25 East 68th Street 

New York 21, New York 
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not the aortic valves are visualized in the frontal selective angiogram made with the selective angio- 


Y 


cardiographic technique. (D) Biplane of C 


, showing the supraaortic valvular stenosis poorly. (E) Selective 


aortogram made via the transfemoral route reveals the fine details of the supravalvular stenosis. (F) 
Biplane of E, also exquisitely demonstrating the lesion. 
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COLLATERAL CIRCULATION IN AORTO-ILIO- 
FEMORAL OCCLUSIVE DISEASE* 


AS DEMONSTRATED BY A U? 





LATERAL PERCUTANEOUS COMMON 
FEMORAL ARTERY N 





By MARVIN J. FRIEDENBERG, M.D., and CARLOS A. PEREZ, M.D. 


ST, LOUIS, MISSOURI 





A sSIOGRAPHIC examination of the 
- abdominal aorta and arteries of the 
pelvis and both lower extremities may be 
accomplished easily and safely bv a manual 
injection of contrast material directly 
through a unilateral percutaneous common 
femoral artery needle.’ The purpose of the 
authors is to emphasize further the value of 
this technique for aorto-ilio-femoral arteri- 
ograpay and to summarize the collateral 
circulation in. peripheral arterial occlusive 
disease, especially as demonstrated bv this 
method of examination. 


TECHNIQUE 


This angiographic technique has evolved 
from the work of Castellanos and Pere- 
iras? ÞFariñas,t Sulamaa, Sammons and 
Mahin,” and Schobinger. It has been 
utilized for angiographic examination of 
pelvic organs!!5 and evaluation of occlu- 
sive arterial disease.!*:!* 

Under local anesthesia a common fem- 
oral artery is cannulated percutaneously 
with a 205 Seldinger or a Becton-Dicken- 
son 13 gauge thin wall arterial puncture 
needle, and the needle is advanced under 
contral a few centimeters up the lumen of 
the vessel. A manual injection of so ml. of 
6o per cent methylglucamine diatrizoate* 
or meglumine iothalamate** is made during 





maximum decrease in intra-aortic pressure 
which results from sudden release of a 
Valsalva effort (Fig. 1). During the sub- 
sequent rebound rise 1n pressure, the con- 
trast material flows into the peripheral 
arteries in a compact bolus. The RIL-400 

* Renografin, E. R. Squibb & Sons, 745 Fifth Ave, New York 


a2, New York. 
** Conray, Mallinckrodt Chemical Works, St. Louis, Missouri, 


roentgenographic table* is used which 
automatically changes four 14X51 inch 
cassettes, permitting simultaneous roent- 
genography of the abdomen, pelvis, and 
lower extremities. Timing of the four 
exposures varies with the pathology in 
question. Usually, the first film is exposed 
immediately before the end of the injection, 
and subsequent films are exposed at 3 to 5 
second intervals. Opacification of the ves- 
sels in the extremity opposite the injection 
Is not increased significantly by inflation 
of a blood pressure cuff to above systolic at 
the high thigh level distal to the needle. 
Optimum results are achieved bv precise 
timing of the injection to coincide with the 
precipitous drop in intra-aortic pressure 
which follows sudden release of the Val- 
salva effort. 


MATERIAL 


lhe roentgenograms were reviewed of 
284 consecutive patients who had bilateral 
aorto-iho-femoral arteriography by the 
above technique for evaluation of occlusive 
vascular disease. There were 212 men and 
72 women; 267 patients were Caucasian 
and 17 were Negro; 62 patients were 
diabetic, 185 were not, and this information 
was not available in 36. Table 1 shows the 
ages of the patients according to decade. 

Two hundred and fifty-five patients had 
generalized arteriosclerotic disease with 
arterial occlusions of varying degree. The 
arteriosclerosis was considered minimal in 
75, moderate in 105, and severe in 75 
patients. Fifteen patients had arterial 
occlusion or aneurysm without generalized 


“Research Instrumentation, Limited, Montreal, Quebec, 
Canada. 


* From The Edward Mallinckrodt Institute of Radiology, Washington University Schoo! of Medicine, St. Louis, Missouri. 
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Fic. 1. Intra-aortic pressure recording during per- 
formance of the Valsalva maneuver by a hyper. 
tensive 36 vear old woman with chronic pyelo- 
nephritis. The catheter was placed in the distal 
abdominal aorta percutaneously from the femoral 
artery. At the onset of forceful exhalation against 
the closed glottis (arrow 1), there is a slight rise in 
the intra-aortic pressure (arrow 2). This is fol. 
lowed by a progressive decrease in pressure (arrows 
2-3) which does not reach its maximum for at 
least 8 or 10 seconds (arrow 3). When the patient 
suddenly releases the Valsalva effort (arrow 3), 
there is a precipitous additional decrease in intra- 
aortic pressure. The injection of contrast material 
is made at this precise moment (arrow with star) 
during maximum decrease in pressure. In this pa- 
tient blood pressure decreased from 196/112 to 
91/70 mm. Hg. During the subsequent rebound 
rise in pressure (arrow 4), contrast material flows 
in a compact bolus into peripheral arteries. Pres- 
sure then gradually returns to resting levels over a 
period of several seconds (arrow 5). 


arteriosclerosis, and in 14 patients the 
examination was normal. Table 1 shows 
the number of complete or partial seg- 
mental occlusions, aneurvsms, or acute 
emboli, demonstrated in the aorta or 
major arteries of the pelvis or thighs. Thus, 
there was available for study the collateral 
circulation around 263 complete and 199 
partial arterial occlusions in a total of 270 
patients having abnormal aorto-ilio-fem- 
oral arteriograms. 


VISCERAL ARTERY COLLATERALS 


Anastomoses may develop between the 3 
major components of the visceral arterial 
system in the abdomen and pelvis, ze., 
the superior mesenteric artery, the infe- 
rior mesenteric artery, and the visceral 
branches of the hypogastric arteries. 
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TABLE I 


AGE DISTRIBUTION OF 2 84 PATIENTS HAVING BiH- 
LATERAL AORTO-ILIO-FEMORAL ARTERIOGRAPHY VIA A 
UNILATERAL COMMON FEMORAL ARTERY 
NEEDLE INJECTION 


Age in Years No. of Patients 


20-29 2 
30-39 ri 
40749 34 
S059 106 
50-69 37 
4 4i 
80-89 7 


Figure 2 1s a composite line drawing show- 
ing schematically the major visceral path- 
wavs of collateral circulation which have 
been demonstrated. 

In the presence of occlusive disease of 
the abdominal aorta, the superior and 
inferior mesenteric arteries are the visceral 
artery sources of collateral circulation to 
the pelvis. The most proximal portion of a 
complete occlusion of the abdominal aorta 
almost invariably is immediately distal to 
the origin of either the renal or the inferior 
mesenteric artery. When a complete aortic 
occlusion is limited entirely to the area 
between the origins of the renal and inferior 
mesenteric arteries, then the middle colic 
branch of the superior mesenteric artery 
bypasses the aortic occlusion by anasto- 
mosing with the left colic branch of the 
inferior mesenteric artery. Retrograde flow 
is thus established in the inferior mesen- 
teric artery which empties into the abdom- 
inal aorta distal to the occlusion (Fig. 
aaf and Bb), 

When the aortic occlusion begins imme- 
diately distal to the origin of the renal 
arteries and includes the origin of the in- 
ferior mesenteric artery, then blood flow 
also is from the middle colic branch of the 
superior mesenteric artery to the left colic 
branch of the inferior mesenteric artery. 
However, the left colic artery then supplies 
the superior hemorrhoidal branches of 
the inferior mesenteric artery which anas- 
tomose with the middle hemorrhoidal 
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TABLE I] 


DISTRIBUTION OF SEGMENTAL OCCLUSIVE DISEASE IN 270 PATIENTS 
WITH ABNORMAL AORTO-ILIO-FEMORAL ARTERIOGRAMS 





Complete Partial cons 
Segmental Segmental Aneurysms Em bol 
Occlusions Occlusions. Pee 
Aorta ut fy HY o — 5 ll x , 
Common Hace o= = -right 16 a 12 6 
left 28 29 12 I 
External iliac ——right 10 2 
left 7 I3 2 I 
Hy pogastric —right IO 16 — — 
left 18 24 a = 
Common femoral — —-right 7 4 3 o - 
left 9 12 2 I 
Deep femoral — — right 3 6 oo 2 
le f t f ho — 5 55 11 |1—— uM 4 
Superficial femoral —right 76 24 l 2 
left 68 UE. 2 | 
Total number of lesions 263 I 96 47 20 


* Including 3 patients with Leriche syndrome. 


branches of the hypogastric arteries and the 
inferior hemorrhoidal branches of the inter- 
nal pudendal arteries. 

When a complete aortic occlusion is 
located entirely dista/ to the origin of the 
inferior mesenteric artery, the block is 
bypassed by the superior hemorrhoidal 
branca of the inferior mesenteric artery 
which anastomoses with one or both hypo- 
gastric arteries via the above-mentioned 
hemorrhoidal collateral pathways (Fig. 4). 
This collateral channel also may be demon- 
strated in patients with common iliac 
(Fig. $, Z and B) and/or other major pel- 
vic arterv occlusions. 

These visceral collateral channels have 
been documented by others in several case 
reports. 75 At times they are extremely 
large and serpiginous. They may be demon- 
strated bv retrograde catheter or trans- 
lumbar aortography, but also may be 
shown, at least in part, by the technique of 


aorto-ilio-lemoral arteriography described 
here. 

We have examined 1 patient with fibro- 
muscular Ayperplasia involving the supe- 
rior mesenteric artery proximal to the 
origin of its middle colic branch. Blood 
flow to the superior mesenteric artery was 
via its middle colic branch from the left 
colic branch of the inferior mesenteric 
artery. This particular collateral channel 


has been reported thus far only in 
patients wath congenital occlusive disease 
of the proximal superior mesenteric 
artery, 


In the pelvis the visceral artery col- 
laterals arise from the vesical, middle hem- 
orrhoidal and in females the uterine and 
vaginal branches of the anterior trunks of 
the hypogastric arteries and also from the 
inferior hemorrhoidal branches of the inter- 
nal pudendal arteries. These branches often 
contribute to a rich network of transpelvic 
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lic. 2. Composite line drawing showing schematic- 
ally the major visceral pathways of collateral cir- 
culation demonstrated 1n aorto-ilio-femoral occlu- 


sive disease. 


Ao aorta MC middle colic 
CI common iliac MH middle hemor 
rhoidal 
FI external iliac Ob  obturator 
H  hvpogastic PF ^ profunda femoris 
: IH inferior hemor- R renal 
rhoidal 


IM inferior mesenteric SF superficial femoral 
IP internal pudendal SH superior hemor- 
rhoidal 

[V inferior vesical SM. superior mesenteric 

LC left colic Ut uterine 
collateral vessels which serve to circumvent 
occlusions in the aorta, common iliac, or 
hypogastric arteries. 


PARIETAL ARTERY COLLATERALS 





Parietal arteries mav form an extensive 
network of collateral vessels to circum- 





Fic. 3. (4 and B) Percutaneous transtemoral retrograde catheter aortogram in an 11 year old girl with high 
grade congenital stenosis of the abdominal aorta from Lı (arrow) to L3. Blood flow is from the middle colic 
branch (MC) of an enlarged superior mesenteric artery (SM) to the left colic branch (LC) of the inferior 
mesenteric artery (IM) which then empties into the distal abdominal aorta by retrograde flow in the in- 
ferior mesenteric artery. Blood flow through the renal arteries (R) is compromised severely. There is an en- 
larged intercostal artery (IC) on the right supplying collateral flow (C) to the right kidney. (Reproduced 
with permission from Annals of Surgery?) 
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vent an occlusion in anv portion of the 
aorto-ilio-femoral arterial system. Figure 6 
is a composite line drawing showing 
schematically the major parietal pathways 
of collateral circulation which have been 
demonstrated. 

These collaterals tend to develop princi- 
pally on the same side of the body as the 
occlusions they bypass. The most signifi- 
cant parietal collaterals arise from the 
intercostal, subcostal, lumbar, and middle 
sacral branches of the aorta; the ilio-lum- 
bar, lateral sacral, superior gluteal, and 
obturator branches of the hypogastric 
arteries; the deep iliac circumflex branches 
of the external iliac arteries; and the medial 
and lateral circumflex branches of the pro- 
funda femoris arteries. The following are 
the major parietal artery collaterals which 
have been shown: 


FROM THE AORTA 


Intercostal and/or subcostal arteries fre- 
quently anastomose with the deep iliac 
circumflex artery (Fig. 5, 4 and B) and 
may become quite large. Prominent inter- 
costal and subcostal collateral vessels may 
produce notching of the lower ribs in the 
presence of severe occlusive disease of the 
upper abdominal aorta, but we have not 
vet observed this phenomenon with occlu- 
sive dsease of the distal abdominal aorta. 
Intercostal and/or subcostal arteries also 
may anastomose with the ilio-lumbar and / 
or superior gluteal arteries. They may 
supply the superficial iliac circumflex 
branch of the common femoral artery, but 
only rarely was this demonstrated to be a 
significant collateral pathway (Fig. 7, Æ 
and B). Lumbar arteries often anastomose 
with the deep iliac circumflex (Fig. 8), ilio- 
lumbar (Fig. 8; and 9, 4, B and C) or 
superior gluteal (Fig. 10, 4, B and C) 
arteries. The middle sacral branch of the 
aorta may Join ilio-lumbar or lateral sacral 
(Fig. 9, 4, B and C) arteries. 


FROM THE HYPOGASTRIC ARTERY 


The posterior and anterior trunks of the 
hvpogastric arteries each give rise to 3 
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lic. 4. Manual injection of contrast material 
through a percutaneous needle in the right com- 
mon femoral artery in a 60 year old man with the 
Leriche syndrome. Collateral circulation is from 
the inferior mesenteric artery (IM) to the hypo- 
gastric arteries (H) via extremely undulant and 
enlarged superior hemorrhoidal (SH) and middle 
hemorrhoidal (MH) anastomotic channels. 


parietal branches which participate signifi- 
cantlv in pelvic collateral circulation. 

from the posterior trunk. The ilio-lumbar 
artery may anastomose with the deep iliac 
circumflex on the same side and also may 
anastomose with the opposite ilio-lumbar 
artery (Fig. 9, 4, B and C). The ateral 
sacral branches of the hvpogastric arteries 
frequently join with each other (Fig. 5, 4 
and B; 8; and 9, 4, B and C) and also with 
the middle sacral branch of the aorta (Fig. 
8; and 9, 4, B and C). The superior gluteal 
artery may join the deep iliac circumflex on 
the same side and also may anastomose 
with the lateral (Fig. 11) or medial femoral 
circumflex arteries. 

From the anterior trunk. The inferior 
gluteal artery may anastomose with the 
medial femoral circumflex on the same side. 
The obturator artery may anastomose with 
the medial femoral circumflex (Fig 9, 4, B 
and C) and with the opposite obturator 
which, in turn, mav join the medial femoral 
circumflex on its side. The zzternal pudendal 
arteries may anastomose with each other 
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lic. 5. (4 and B) Manual injection of contrast material through a percutaneous needle in the right common 
femoral artery in a $7 year old man with marked generalized arteriosclerosis and complete occlusion of the 
left common iliac, hypogastric, and external iliac arteries. The superior hemorrhoidal branches (SH) of the 
inferior mesenteric artery (IM) are prominent and form collateral channels with the middle hemorrhoidal 
branches (MH) of the hypogastric arteries and inferior hemorrhoidal branches (IH) of the internal pudendal 
arteries. The obstructions are further circumvented by prominent transpelvic lateral sacral collaterals 
(LS) to the distal left hypogastric artery. The left hypogastric artery, in turn, opacifies the superior gluteal 
(SG) which anastomoses with the medial femoral circumflex (MFC) to help circumvent the occlusions. En- 
larged left intercostal (IC), subcostal (SC), and first lumbar (1L) arteries opacify the deep iliac circumflex 
artery (DIC) which is a major souree of supply to the common femoral artery (arrow). 


via their perineal and various genital 
branches. They also may join with the 
superficial and/or deep external pudendal 
branches of the common femoral artery or 
medial femoral circumflex branch of the 
profunda femoris artery. 


FROM THE EXTERNAL ILIAC ARTERY 
The deep iliac circumflex branch of the 
external iliac artery may anastomose with 
the ilio-lumbar (Fig. 9, 47, B and C; and 12, 
A and B) and/or superior gluteal arteries 
on the same side. The inferior epigastric 


branch of the external iliac artery may bea 
significant collateral channel, receiving 
blood from the superior epigastric branch 
of the internal mammary artery (Fig. 13, 4, 


Band €). 


FROM THE COMMON FEMORAL ARTERY 
The superficial iliac circumflex branch of 
the common femoral artery occasionally is 
a significant collateral vessel, receiving 
blood from subcostal, intercostal, or lumbar 
arteries (Fig. 7, 4 and B). The external pu- 
dendal branches of the common femoral ar- 
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Fic. 6. Composite line drawing showing schematic- 
ally the major parietal pathways of collateral cir- 
culation demonstrated in aorto-ilio-femoral occlusive 
disease. 


Ao aorta LFC lateral femoral 
circumflex 
CF | common femoral Asc. ascending 
branch 
CI | common iliac Des. descending 
branch 
DIC deep iliac LS ~ lateral sacral 
circumflex 
EI external iliac MFC medial femoral 
circumflex 
EP external pudendal MS middle sacral 
H hypogastric Ob obturator 
IC intercostal PF profunda femoris 
IE inferior epigastric SC subcostal 
IG inferior gluteal SE superior epigastric 
IL — ilio-lumbar SF superficial femoral 
IP internal pudendal SG © superior gluteal 
L lumbar SIC superficial iliac 


circumflex 


tery may anastomose with the internal pu- 
dendal artery. 


FROM THE PROFUNDA FEMORIS ARTERY 


The medial femoral circumflex branch of 
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the profunda femoris artery may receive 
blood from the obturator (Fig. 9, 4, 5 and 
C), inferior gluteal, or lateral femoral cir- 
cumflex arteries. The /ateral femoral circum- 


flex branch may anastomose with the supe- 


rior gluteal (Fig. 11), inferior gluteal, deep 
iliac circumflex, or medial femoral circum- 
Hex arteries. 

In the presence of occlusive disease in- 
volving the superficial femoral artery, the 
profunda femoris is the onlv significant 
source of collateral circulation to the lower 
extremity. Àn abundant network of collat- 
eral vessels arising from perforator and 
muscular branches of the profunda femoris 
frequently extends distally to reconstitute 
the popliteal artery. One of the main collat- 
eral channels from the profunda femoris to 
the popliteal is the descending branch of 
the lateral femoral circumflex artery which 
anastomoses with the superior lateral genic- 
ular artery near the adductor exit. 


DISCUSSION 


Angiography of the aorto-ilio-femoral ar- 
terial system in patients with occlusive vas- 
cular disease may be accomplished by 
means of translumbar aortography, percu- 
taneous transfemoral retrograde catheter 
aortography, right atrial aortography, or 
retrograde left brachial aortography with 
or without a catheter. The difficulties and 
hazards of translumbar aortography are 
well documented.” The other techniques 
also incur unnecessary risks or fail to pro- 
vide sufficiently intense opacification of the 
involved vessels for their complete evalua- 
tion. 

On the other hand, detailed examination 
of the aorto-ilio-femoral arterial systems 
bilaterally can be accomplished with essen- 
tially no risk to the patient by a manual in- 
jection of contrast material directly through 
a unilateral percutaneous common femoral 
artery needle. The technique is as easily 
performed and as well tolerated as routine 
femoral arteriography, but it provides con- 
siderably more information. The complica- 
tions that have occurred in 284 examina- 
tions have been infrequent and minor. One 


ros 


patient developed transient hypotension 
during cannulation of the common femoral 
artery and before injection of contrast ma- 
terial. This was immediately. corrected by 
0.5 ml. of intravenous methoxamine hydro- 
chloride,* and the examination was com- 
pleted successfully. In another patient ex- 
travasation of contrast material occurred in 
the region of the needle puncture, because 
the needle was not advanced sufficiently 
far up the lumen of the artery prior to in- 
jection. The needle was repositioned, and 
the examination was completed success- 
fully. Occasionally, a clinically insignificant 
hematoma developed at the puncture site, 


* Vasoxyl, Burroughs Wellcome and Co., Inc., 1 Scarsdale Rd. 
25 = , , , 
Tuckahoe 7, New York. 
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immediately controlled by manual com- 
pression. 

Descriptions of the normal anatomy and 
collateral circulation of the aorto-ilio-fem- 
oral arterial system thus far have been 
based on autopsy? and surgical!’ experience, 
as well as femoral arteriography’? and 
translumbar aortography.!:3:!0.14.16,23 Bilat- 
eral aorto-ilio-femoral arteriography by the 
technique described has revealed pathways 
of collateral circulation essentially identi- 
cal to those described bv other methods of 
examination. It has demonstrated a dy- 
namic relationship between many arteries of 
the thorax, abdomen, pelvis, and lower ex- 
tremities. These regions are linked poten- 
tially by a rich network of visceral and/or 





Frc.7. (4) Manual injection of contrast material through a percutaneous needle in the left common femora 
artery in a 52 year old man who had a distal aorto-bilateral common iliac graft (arrows) placed 7 years pre- 
viously. He was asymptomatic, but physical examination revealed a pulsatile sensation in the region of the 
aortic bifurcation, indicating probable aneurysmal dilatation of the graft. The aortic and left common iliac 
portions of the graft are normal, but a large aneurysm has developed in the right common iliac segment 
with complete obstruction distally. (B) Manual injection of contrast material through a percutaneous 
needle in the right common femoral artery with the patient in a right posterior oblique position. The distal 
extent of the obstruction (arrow) at the origin of the common femoral artery is demonstrated. There are 
collateral channels between intercostal (IC) and subcostal (SC) arteries and the deep iliac circumflex 
(DIC) and enlarged superficial iliac circumflex (SIC) arteries. 
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parietal collateral vessels which may by- 
pass occlusions in any segment of the aorto- 
ilio-femoral arterial system. Connections 
between the visceral and parietal systems 
may develop, the principal links being hy- 
pogastric branches, some of which are vis- 
ceral and some parietal. With occlusion of 
a major artery in the aorto-ilio-femoral sys- 
tem, the collateral vessels which develop 
follow the described pathways in more or 
less predictable patterns. 


SUMMARY 


A scfe and effective technique of bilateral 
aorto-ilio-temoral arteriography by a man- 
ual injection of contrast material through 
a unilateral percutaneous common femoral 
artery needle is described briefly. The con- 
trast material is injected during the precip- 
itous drop in intra-aortic pressure which 
follows sudden release of the Valsalva ef- 
fort. The technique is considered the 
methoc of choice for angiographic evalua- 
tion of occlusive vascular disease involving 
the abdominal aorta and arteries of the pel- 
vis and both lower extremities. The collat- 
eral circulation in peripheral arterial occlu- 
sive disease, especially as demonstrated by 
this method of examination, is summarized. 


Marvin J. Friedenberg, M.D. 
The Edwz rd Mallinckrodt 
Institute of Radiology 

$10 South Kingshighway 

St. Louis bo, Missouri 
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G. 8. Manual injection of contrast material 
through a percutaneous needle in the right com- 
mon femoral artery in a 43 year old man who 
suddenly developed left lower extremity pain 14 
years previously and had intermittent claudica- 
tion since. There is complete occlusion of the left 
common iliac, hypogastric, and external iliac 
arteries. A prominent left fourth lumbar artery 
(4L) anastomoses with the deep iliac circumflex 
artery (DIC) to supply the left lower extremity 
(arrow). Transpelvic lateral sacral collaterals 
(LS) opacify the branches of the left hypogastric 
artery, aided by an anastomosis between a branch 
of the left fourth lumbar (4L) and ilio-lumbar 
(IL) arteries. The middle sacral (MS) contributes 
to collateral circulation by joining lateral sacral 
(LS) arteries. 
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Fic. 9. (4, B and C) Manual injection of contrast ma- 
terial through a percutaneous needle in the left com- 
mon femoral artery in a 60 year old man with com- 
plete occlusion of the right common iliac, hypogastric, 
external iliac and common femoral arteries. The right 
lower extremity is supplied by successive anastomoses 
between the right fourth lumbar (4L), ilo-lumbar 
(IL), hvpogastric (H), obturator (Ob), medial femoral 
circumflex (MFC) and profunda femoris (PF) arter- 
ies. On the left, there is a prominent collateral chan- 
nel between the deep iliac circumflex (DIC) and ilio- 
lumbar (IL) arteries to circumvent occlusion of the 
hypogastric artery (H). There are anastomoses be- 
tween the middle sacral branch (MS) of the aorta and 
lateral sacral (LS) and ilio-lumbar (IL) branches of 
the hypogastric arteries. Opacification of the lower 
extremity arteries 1s obtained bilaterally, indicating 
adequate run-off in spite of the extensive right pelvic 
artery occlusive disease. (C is a composite print from 


2 roentgenograms.) 


/ 
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Fic. 10. (4, B and C) Manual injection of con- 
trast material through a percutaneous 
needle in the right common femoral artery 
ina $g year old man with complete occlusion 
of the left common iliac and hypogastric 
arteries. The aorta and right common iliac 
artery are moderately arteriosclerotic. There 
is narrowing of the proximal several centi- 
meters of the inferior mesenteric artery 
(IM). On the left a prominent third lumbar 
artery (3L) supplies the superior gluteal 
artery (SG). On the right a collateral channel 
is shown between the third lumbar (3L) 
and ilio-lumbar (IL) arteries. Also on the 
right, transpelvic anastomoses are shown 
arising from lateral sacral branches (LS) of 
the posterior trunk and the obturator (Ob) 
and internal pudendal (IP) branches of the 
anterior trunk of the hypogastric artery. 
[n spite of the severe left pelvic artery occlu- 
sive disease, adequate left lower extremity 
run-off is demonstrated. (C is a composite 
print from 3 roentgenograms.) There is 
opaque medication in the buttocks. 


wal 
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k Fic. 11. Manual injection of contrast material 
through a percutaneous needle in the left common 
femoral artery in a 63 year old man with a partial 
segmental occlusion ir. the mid left common iliac 
artery (arrow). There are arteriosclerotic plaques 
in the proximal left external iliac and both hypo- 
gastric arteries. The left common femoral artery is 
completely occluded. There is a well-developed 
collateral channel between the superior gluteal 
artery (SG) and ascending branch of the lateral 
femoral circumflex artery (LFC) to help supply 
the profunda femoris artery. 








Fc. 12. (4 and B) Manual injection of contrast material through a percutaneous needle in the right common 
femoral artery in a 58 year old man with marked aorto-common iliac arteriosclerosis. There is partial seg- 
mental occlusion of the distal left common iliac artery with complete occlusion of the left hypogastric 
artery (arrow in 4). The branches of the left hypogastric artery are supplied by collateral circulation from 
the opposite lateral sacral artery (LS), as well as collaterals to the ilio-lumbar branch (IL) from the homo- 
lateral fourth lumbar (4L) and deep iliac circumflex (DIC) arteries. The inferior epigastric arteries (IE) 
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Fic. 13. Sixty-two year old man with the Leriche 
syndrome. (4 and B) Pressure injection of con- 
trast material through a percutaneous needle 
in the left brachial artery. The patient is in a 
30 degree right posterior oblique position. There 
is a partial segmental occlusion of the left sub- 
clavian artery near its origin (arrow in 4). The 
left internal mammary artery (IM) is enlarged, 
and its superior epigastric branch (SE) divides 
into numerous corkscrew vessels in the upper 
anterior abdominal wall. (C) Manual injection 
of contrast material through a percutaneous 
needle in the left common femoral artery. The 
patient again is in a 30 degree right posterior 
oblique position, Contrast material refluxes up 
an enlarged left inferior epigastric artery (IE) 
which anastomoses with the internal mammary 
via the numerous corkscrew branches of the 
superior epigastric. 


are opacified bilaterally. The left superior gluteal artery is not opacified, probably because of a complete 
occhusion. There are partial segmental occlusions of the common femoral arteries (arrows in 5). On the 
rigFt there is a collateral channel between the obturator (Ob) and medial femoral circumflex (MFC) 
arteries. 
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4SMILIARITY with the collateral chan- 
nels which appear when a m ajor blood 
vessel is experimentally occluded is impor- 
tant for at least two reasons: (a) it clarifies 
some of the clinical findings observed in ob- 
struction of great vessels in man, and (b) it 
aids in evaluating the method of experi- 
menel m vessel occlusion in which ven- 
s are tested. 

I The pr esent a represents an attempt 
to demonstrate the collateral pathways 
which are utilized under certain special 
conditions of major vessel occlusion. It also 
revea:s the vasomotor responses of these 
vessels during stimulation of the carotid 
sinus and central part of the vagus nerve. 


THEORETIC CONSIDERATIONS 


Partial obstruction (coarctation) of the 
aorta causes a difference in systolic blood 
pressure above and below the stenosis, 
whereas the diastolic pressures in both areas 
are in some cases elevated," in others not." 
The amplitude of pulsation in the abdom- 
inal aorta is decreased. The blood flow, 
although decreased, is frequently sufficient 
to preserve organ function; in only 25 per 
cent or the cases reduced organ function is 
observed.’ The blood flowing in the aorta 
bevonc the coarctation represents blood 
which has passed through the stenotic seg- 
ment and that which flows around the ste- 
notic segment through collateral channels. 
The contribution of this collateral circula- 
tion depends not onlv on the difference in 
svstolic pressure between the area above 
and below the coarctation, but also on the 
total cross-sectional area of all the bridging 
collaterals. An excellent postmortem study 


* From the Cardiac Laboratory of the Department of Internal Medicine? and the Department of Radiology, 
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of the collateral circulation in a cadaver of 
à patient known to have had coarctation of 
the aorta has been reported," as have roent- 
gen studies during experimental obstruc- 
tion of the aorta in dogs.?? More informa- 
tion is available concerning the collateral 
venous circulation Dn obstruction of 
the inferior vena cava. b 7:9 1-15. 17,19,20 

Experimental major ume occlusion (si- 
multaneous occlusion of thoracic aorta and 
inferior vena cava) has been utilized to 
study the changes in inferior vena caval 
pressure during stimulation of the carotid 
sinus or of the central end of the vagus 
nerve.? Under these circumstances the pres- 
sure in the inferior vena cava is increased 
during reflex stimulation, and this has been 
attributed to an increase in the muscular 
tone in its wall (venomotor tone). An alter- 
nate explaration for this pressure increase 
exists 1f, during the stimulation, it can be 
shown that there is an increase in flow 
through the collaterals. 


METHODS 


Due to the similarity of its topographic 


vascular anatomy and vascular anasto- 
moses to man,* the dog was chosen as the 


experimental animal. Ten mongrel dogs 
weighing between 10 and 16 kg. were anes- 
thetized with 30 mg./kg. of pentobarbital! 
intravenously. Blood clotting was pre- 
vented by Ea alas 20 mg./kg. intra- 
venously. The trachea was intubated and 
respiration was maintained artificially with 


a pump. Both carotid arteries and vagi 
were exposed, and the vagi cut. The cen- 


tral end of the right vagus nerve was placed 
on a pair of electrodes for central vagal 
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stimulation. The stimulation parameters 
(usually 35 v., 20 impulses per sec., and 2 
msec. duration) were selected to cause a 
rise of blood pressure. The chest was opened 
by midline incision and the internal mam- 
mary arteries and veins and the azygos vein 
were ligated. Two clamps were placed 
around the aorta, ready for occlusion, One 
was placed just distal to the left subclavian 
artery (high occlusion) and the other di- 
rectly above the diaphragm, usually be- 
tween the origins of the 8th and gth inter- 
costal arteries (low occlusion). For venous 
occlusion an umbilical tape was placed 
around the inferior vena cava between the 
diaphragm and right atrium, and another 
around this vein directly above the entry of 
the renal veins. Catheters were placed in 
the aortic arch bv wav of the left carotid 
artery and brachiocephalic trunk, in the ab- 
dominal or thoracic aorta via the temoral 
artery, and in the inferior vena cava via the 
femoral vein. Diatrizoate sodium (hypaque) 
£o per cent was continuously infused into 
the areas studied at a rate of .64 ml./sec. 
with an infusion pump. This relatively slow 
infusion rate was selected to minimize pres- 
sure changes incurred from the injection it- 
self. Roentgenography was performed with 
a Schónander rapid film-changer using var- 
iable programming. The factors were 75 to 
80 kv., 30 ma., 1/60 second exposure time, 
and target-film distance of go cm. 

The ligation of the internal mammary ar- 
teries and veins and the azygos vein was 
performed in order to better demonstrate 
the other major and minor collateral path- 
ways. 

Simultaneous occlusion of the aorta and 
inferior vena cava was performed for a 
number of reasons. It had the advantage of 
demonstrating the collateral leaks into and 
from the occluded areas. It also slowed the 
blood flow so that we were enabled to fol- 
low the contrast material in the arterial col- 
lateral vessels more readily on the serial 
roentgenograms. It prevented the exagger- 
ated blood pressure increase in the upper 
circulation which occurs when the descend- 
ing aorta is occluded with intact venous re- 
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turn. It prevented the overdistention of the 
venous bed which occurs when a major vein 
is occluded without simultaneous occlusion 
of the aorta. When both major vessels are 
occluded, the venous occlusion pressure 
reaches a level of only 7 to 14 mm. Hg," 


whereas it approaches 80 mm. Hg" when 
the aorta is not occluded simultaneously. 
The physiologic consequences of major ves- 
sel occlusion for short periods of time 
are discussed elsewhere.? 

The following types of experiments were 
performed: 


]. Arterial infusions. 

(a) High occlusion of thoracic. aorta 
and simultaneous occlusion ot the 
inferior vena cava. 

(1) Infusion just above the aortic 
occlusion site. 

(2) Infusion just below the aortic 
occlusion site. 

(b) Low occlusion of thoracic aorta and 
simultaneous occlusion of the infe- 
rior vena cava. 

(1) Infusion just above the aortic 
occlusion site. 

(2) Infusion just below the aortic 
occlusion site. 

II. Venous infusions. 

(a) High occlusion of thoracic aorta 
and simultaneous occlusion of inte- 
ror vena cava just above dia- 
phragm; venous infusion below 
occlusion level. 

(b) High occlusion of thoracic aorta 
and simultaneous occlusion of inte- 
rior vena cava just above dia- 
phragm and just above renal veins. 
(1) Infusion below lowest venous 

occlusion level. 
(2) Infusion between venous occlu- 
sion sites. 


RESULTS 
1. ARTERIAL INFUSIONS 
Studies of the arterial collaterals were 
performed in 10 open-chest dogs. Figure 1 
shows the aorta and intercostal and lumbar 
arteries. The original roentgenogram shows 
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the side branches of the intercostal arteries 
forming anastomotic bridges between them 
and also the junction of the anterior and 
posterior intercostals at the end of each rib. 
The posterior intercostals are supplied bv 
the aorta, the anterior intercostals bv the 
internal mammary arteries. 

(a) Arterial infusion during high occlu- 
ston of thoracic aorta and simultaneous 
occlusron of the inferior vena cava. 

The diagram in Figure 2 demonstrates 
the routes taken by the contrast medium to 
bypass the aortic occlusion as established 
5y serial roentgenograms. The aortic blood 
above the occlusion enters both the pos- 
verior intercostal arteries and spinal ar- 
series. In this experiment the 3rd and 4th 
posterior intercostal arteries were filled via 
the sth posterior intercostal as shown in 
Figure 1. From the posterior intercostals, 
the blood flows in reverse direction through 
the anterior intercostals into the internal 
mammary. From here the blood flows into 
the posterior intercostals below the clamp 
and then into the aorta. Blood is also sup- 
plied to the intercostals below the clamp 
trom other anastomoses originating in the 
posterior intercostals, subscapular and 
lateral thoracic vessels above the clamp. 

In 3 other experiments with the same 
type of occlusion but with the contrast 
medium injected in the left subclavian 
artery, the reverse flow in the posterior 
intercostals below the clamp was main- 
tained by blood originating: (1) from the 
supreme intercostal arteries, (2) from the 
many amastomoses existing between the 
upper posterior intercostals (see right 
sice if Fig. 1), and (3) from the anterior 
intercostals as part of the internal mam- 
mary system. Another collateral pathwav 
is that of the spinal arteries. In all experi- 
ments the celiac and renal arteries became 
visible after 6 seconds, filling with con- 
trast medium from the aorta; this fact 
indicates that contrast medium has accu- 
mulated m the aorta below the occlusion 
site. 

To confirm the reversal of flow toward 
the aorta in the intercostal arteries below 
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hic. 1. Arteriogram of the unoccluded aorta of the 
dog after 2 seconds of infusion into the proximal 
descending thoracic aorta. Note the aortic diam- 
eter under normal pressure and the flow of contrast 
medium on the right to the 2nd, 3rd, and 4th poste- 
rior intercostal arteries via the sth intercostal. The 
arrow indicates the position of the “low” clamp in 
l'igures 5 and 6. Left side of figure is right side of 
dog. 


the clamp during Aigh occlusion, 4 experi- 
ments were performed in which contrast 
medium was infused into the aorta just 
below the clamp. Figure 3 shows that the 
diameter of the aorta is smaller (compare 
with Fig. 1). The higher intercostals (4th 
to 8th) do not fill with contrast me- 
dium because the flow of blood is toward 
the aorta. The renal arteries are visualized 
first and then, after a delay of 2 seconds, 
the celiac trunk. The superior mesenteric 
artery and the three lowest intercostals, 
which fill from the aorta, appear next. 
Finally, the lower lumbar arteries are seen. 
In one experiment high occlusion of the 
aorta was made without occlusion of the 
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Fic. 2. “High” occlusion of aorta. Reentgenogram was taken after 4 seconds of constant infusion of contrast 
medium into aorta aéove the clamp. The diagram shows the spread of contrast medium from the area above 
the clamp to the area below the clamp. The arrows indicate the direction of blood flow established by serial 
roentgenograms. (1) Posterior intercostal above clamp; (2) posterior intercostal below clamp; (3) spinal 
branch above clamp; (4) spinal branch below clamp; (5) anterior intercostal (from internal mammary); (6) 
pericardial branch (from internal mammary). 


inferior vena cava. The venous drainage 
therefore was quicker and we assume the 
arterial passage was more rapid because of 
the greater arteriovenous pressure gradi- 
ent. Under this condition the lower lumbar 
and the three lowest intercostal arteries 
visualized first, then the renal arteries, and, 
finallv, the celiac and mesenteric arteries. 

The velocitv of the blood flow in the 
occluded descending aorta can be estimated 
bv the rate of disappearance of contrast 
medium from this area after the infusion is 
discontinued. Within 1 to 2 seconds the 
descending aorta is clear from the site of 
injection (close to the aortic arch) to the 
diaphragm. 

Figure 4 is a diagram of the arterial 
collaterals during high obstruction ot the 
aorta (clamp just distal to the left sub- 
clavian arterv), indicating the preferred 
direction of flow. 


contrast medium into the occluded aorta Just Ze- 

lo: the clamp (arrow points to catheter tip). Note 

the absence of contrast medium in the posterior 

lic. 3. “High” occlusion of aorta. Roentgenogram intercostal arteries 4 to 8 and the opacification of 
was taken after 10 seconds of constant infusion of intercostals 9 through 12. 
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ARTERIAL COLLATERALS DURING HIGH OBSTRUCTION OF THE AORTA 
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Vic. 4. Diagrammatic representation of the arterial collaterals when the aorta is occluded just distal to the 
left subclavian artery (high occlusion). Heavy lines indicate the direction of preferred flow. 


(b) Arterial infusion during low occlu- 
ston of the thoracic aorta and simultaneous 
occlusion of the inferior vena cava. 

During low occlusion, in 3 of the 4 
experiments the contrast medium infused 
into tae aorta above the clamp entered all 
the aortic intercostal arteries above the 
clamp (Fig. 5). In the fourth experiment it 
demonstrates the various collateral routes. 
The arrival of contrast medium in the aorta 
below the clamp is signified by the faint 
outline of the celiac trunk and the right 
renal artery. In all experiments with low 
occlusion, the contrast medium arriving 
below the clamp first appeared in the 
spinal branches of the lowest intercostal 
arteries, spreading toward the aorta and 
toward the periphery in the intercostal 
arteries. The lateral thoracic artery fills 
with contrast medium from vessels near the 
ventral tips of the 4th to 8th ribs as in- 
dicated in Figure 5. We were able to rec- 
ognize this vessel in all experiments with 
low occlusion but not in the ones with high 
occlusion. The superior epigastric artery, a 
branch of the internal mammary, also car- 


ries contrast medium caudad. 

Figure 6 shows the arterial outlines 
during low occlusion (contrast medium 
infused below the clamp). The important 
hndings are that the lateral thoracic 
arteries and their connections below the 
clamp did not visualize in any of the 3 
experiments (see Fig. 5), and that the lum- 
bar arteries are not visualized because both 
arterial systems are conducting blood 
toward the aorta below the clamp. The 
larger vessels originating from the abdom- 
inal aorta, namely, the renal, mesenteric, 
celiac, and lowest three intercostal arteries, 
appear as they do in the normal animal. 

Figure 7 is a diagram of the various col- 
lateral pathways during low obstruction of 
the aorta. 

The relative rate of the collateral flow 
with low occlusion can be estimated from 
the time the medium first appears in the 
renal artery. In the four experiments it 
took 12, 22, 25, and 35 seconds, respec- 
tively, compared with the much shorter 
times in the high occlusion. experiments 
where we found times of 2, 6, 10, and 11 
seconds, respectively (the same 4 dogs 
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were used for both high and low occlu- 
). Another indication of the slower 
How during low occlusion is the much 
slower clearance time of the contrast me- 
dium in the aorta below the clamp atter the 
infusion had been discontinued. It took 
about E seconds to clear the aorta for a 
length of one intercostal space, compared 
with 1 to 2 seconds with high occlusion. 


sions). 


II. VENOUS INFUSIONS 

In 8 experiments with high thoracic 
aorta occlusion, contrast medium was 
infused into the inferior vena cava. As 
stated, in all experiments the azvgos vein 
and internal mammary veins were ligated 
beforehand. The constant infusion of con- 
trast medium at a rate of .64 ml. per second 
increased the venous pressure by only .4 to 
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1.4 mm Hg per minute. Such a small 
increase of the venous occlusion pressure 
during infusion cannot be the driving force 
which controls the direction of flow of the 
contrast medium. 

(a) High occlusion of thoracic aorta and 
simultaneous occlusion of inferior vena cava 
Just above diaphragm; venous infusion below 
occlusion level. 

A summary of the venous collaterals 
between the inferior and superior vena 
cava is shown in Figure 8. This diagram is 
based on observations made during serial 
filming. Contrast medium appears in the 
following order during continuous infusion: 
5 seconds after start of infusion the pair of 
lower lumbar veins, the precentral vein, the 
vertebral venous plexus up to the roth 
intercostal space, and the higher pairs of 
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Itc. 5. "Low" occlusion of the aorta. Roentgenogram was taken after 8 seconds of constant infusion of con- 
trast medium into the aorta above the-clamp. The diagram shows the flow of contrast medium with arrows 
indicating the direction as established by serial roentgenograms. (1) Posterior intercostal above clamp; (2) 
posterior intercostal below clamp; (3) spinal branch above clamp; (4) spinal branch below clamp; (5) ante- 
rior intercostal (from internal mammary); (6) lateral thoracic artery; (7) superior epigastric (from internal 


mammary); (8) celiac trunk; (9) renal artery. 
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lumbar veins are outlined; after 10 seconds, 
the occluded azygos vein, intercostal veins 
Io to I2, the subcostal veins, and the 
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Fic. 6. "Low" occlusion of aorta. Roentgenogram 
was taken after 10 seconds of constant infusion of 
contrast medium into the occluded abdominal 
aorta just Ze/o: the clamp (left arrow points to 
catheter tip). Another catheter locates the position 
of the inferior vena cava. Right arrow: 10th inter- 
costal artery. Note the absence of contrast medium 
in the branches of the internal mammary artery 
and the spinal branches of the lumbar arteries. 


vertebra! venous plexus up to the sth inter- 
costal space; and after 15 seconds, the 
highest portion of the vertebral venous 
plexus, the higher intercostal veins includ- 
ing their chest wall anastomoses with the 
lateral thoracic, subscapular and superior 
and supreme intercostal veins. 

(b) High occlusion of thoracic aorta and 
simultaneous occlusion of inferior vena cava 


Just above diaphragm and just above renal 


veins. 
(1) Infusion below lowest venous occlu- 
sion level. In order to better evaluate the 
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Fic. 7. Diagrammatic representation of the arterial collaterals when the aorta is occluded between the origin 


of the 8th and the gth posterior intercostal arteries ( 


preferred flow. 


low occlusion). Heavy lines indicate the direction of 
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collateral pathways, this segmental occlu- 
sion of the inferior vena cava was per- 
formed. Extension of the contrast medium 
into the region of the hepatic veins was 
prevented bv the ligature directly above 
the renal veins (Fig. g). The lumbar 
veins shunt contrast material from the in- 
ferior vena cava to the vertebral venous 
plexus. Above the lowest occlusion site, the 
two next higher pairs of lumbar veins 
shunt blood from the vertebral venous 
plexus to the azygos vein and from here 
the lower intercostal veins fill. The origin of 
the ee vein appears as a straight ves- 
sel, the precentral or ascending lumbar 
vein, which extends upward trom the region 
of the lower lumbar veins. 

The flow of the contrast medium in the 
same experiment was followed bw serial 
roentgenography. Figure 10 demonstrates 
the upper part of the venous circulation 
ata later time of continuous infusion. The 
occluded azygos vein is shown with inter- 
costal veins filling from it. The vertebral 
venous plexuses continue to carry contrast 
medium. The lateral thoracic vein and sub- 
scapular vein fill via anastomoses with the 
lower intercostal veins. The lateral thoracic 
and subscapular veins drain into the axil- 
lary veins. The higher intercostal veins 
drain to the right superior intercostal vein, 
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the left d raining directly into the brachi- 
ocephalic vein is not visible in Figure 10. 

Thus, the 5 major shunts between the 
inferior and superior vena cava are: (a) the 
azygos vein; (b) the internal mammary 
veins (both of these svstems were occluded 
in this experiment); (c) the continuation of 
the blood up the vertebral venous plexus 
with final drainage through the vertebral, 
costocervical and ee veins to the 
superior vena cava; (d) the higher inter- 
costal veins to the superior intercostal 
veins, the left draining into the subclavian 
vein, the right, since the azygos is occluded, 
draining into the right supreme intercostal 
vein; and (e) the lower intercostal veins 
through the chest wall to the lateral tho- 
racic and subscapular veins draining into the 
axillarv veins. 

(2) Infusion between the venous occlu- 
sion sites. In the case shown in Figure 11, 
the contrast medium was infused into the 
hepatic segment of the inferior vena cava 
and there is no indication of anastomoses 
from this portion of the vessel. Our intu- 
sions were not continued long enough to 
show the anastomoses connecting the por- 
tal circulation with adjacent venous 
areas.)! 

In all experiments with infusion of con- 
trast medium into the inferior vena cava, 
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Fic. 8. Diagrammatic representation of the venous collaterals when the inferior vena cava is occluded just 
above the diaphragm. Heavy lines indicate the direction of preferred flow. 
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information obtained concerning 
the relative speed of blood flow in this 
area. In one experiment medium 
infused for onlv 3 seconds into the inferior 
vena cava. The lumbar veins and vertebral 
venous plexus contained contrast medium 
after 5 and these vessels 
clear again after 10 seconds. On the other 
hand, the clearance of medium from the 
inferior vena cava, after infusions of longer 
duration were discontinued, took place in 5 
to 21 seconds. The central end of the vagus 
nerve was stimulated in order to increase 
blood pressure in all areas. The diameter of 
the venous vessels was not influenced bv 


Was 


Was 


seconds were 





Fic. 9. Contrast medium infused into the lower infe- 
rior vena cava, occluded in the thoracic cavity and 
just above the renal veins. Roentgenogram was 
taker 14 seconds after start of infusion. Outlined 
are lower lumbar veins connected with inferior 
vena cava, higher lumbar veins connected with 


azvgos vein (top of figure over right side of ver- 
tebra! column); vertebral venous plexus (garland- 
like couble row of vessels over vertebral column) 
and lower intercostal veins. 
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Fic. 10. Same experiment as in Figure g. Roentgeno- 


gram taken after 35 seconds of contrast 
medium infusion. Outlined are occluded azygos 
vein, right superior intercostal vein, intercostal 
veins with anastomoses to lateral thoracic and 


subscapular vein and vertebral venous plexus. 


WaS 


this procedure but the inferior vena cava 
was cleared faster of contrast medium; the 
clearance time was 3 to Io seconds. 


DISCUSSION 


The internal mammary arteries are 
recognized as the major collateral arterial 
channels in cases of obstruction of the 
thoracic aorta.?-9:9:22.16,2? The flow charts in 
Figures 4 and 7 show the ramifications of 
this arterv. [n our experiments we deliber- 
ately occluded the internal mammaries in 
order to study the other bypasses. This 
prevented blood flow in the natural direc- 
tion, but did not prevent the collateral 
blood trom utilizing the internal mammary 
bed (Fig. $). 

The studv supplied evidence of 2 other 
major bypasses in the dog (Fig. 4): (1) the 
extensive collaterals between the supreme 
intercostal arteries, which form the first 2 


and sometimes 3 posterior intercostal 
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l'1G. 11. Contrast medium infused into inferior vena 
cava between clamp placed in the thoracic cavity 
and just above the renal veins. Roentgenogram 
was taken after 55 seconds of infusion. Only the 
hepatic veins fill with contrast medium. 


arteries, and the 4th intercostals, which 
originate as the first pair from the aorta and 
feed the 2nd and 3rd intercostals. Nu- 
merous anastomoses exist between all the 
intercostals via sternal and spinal branches. 
Only the last 3 posterior intercostals (10 to 
12) are less favored by collaterals; and (2) 
the anterior and posterior spinal arteries 
are amply connected with all intercostal, 
lumbar, and sacral arteries. 

In accordance with this 
anastomoses, an occlusion of the aorta 
close to the origin of the left subclavian 
artery was accompanied by a larger amount 
of collateral blood flow (faster clearance), 
while smaller collateral flow (slower clear- 
ance) occurred when the aorta was 
occluded in the vicinity of the diaphragm. 
In the latter case the collateral blood flow 
was mainly va the spinal arteries, the 
lower branches of the internal mammary 
(musculo-phrenic and epigastric arteries), 
and the esophageal arteries. Accordingly, 
the 1oth and 12th intercostal arteries and 
subcostal arteries did not show reversed 
How. With low occlusion the lateral tho- 


racic arteries were filled with contrast 
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medium from above the occlusion, but we 
could not detect any direct anastomoses 
between these vessels and the lower inter- 
costal arteries, although the shunts pro- 
vided by the internal mammary bed were 
used (see Fig. 5). 

These differences in collateral blood How 
between high and low obstruction of the 
aorta are substantiated by the time of 
appearance and disappearance of contrast 
medium in the respective areas. Indirect 
evidence 1s available from pressure meas- 
urements and from the collection of plasma 
tagged with dye.!! 

In short, the largest collateral flow exists 
when the aortic obstruction is in the region 
of the aortic arch. The lower the obstruction, 
the less the collateral blood flow. From blood 
collection through large catheters placed 
into the abdominal aorta via the femoral 
arteries during obstruction of the thoracic 
aorta at different sites, we estimate the col- 
lateral blood flow curing the highest occlu- 
sion (with simultaneous occlusion of the 
inferior vena cava) to be around 10 per cent 
of the normal flow and with the low occlu- 
sion to be around 3 per cent. Allbaugh and 
Horvath? observed collateral blood flow of 
35 to 40 per cent during obstruction, but in 
their experiments the venous return was 
unobstructed and the internal mammarv 
arteries and veins were open. 

Our studies give some insight into the 
reasons why the highest and lowest inter- 
costal arteries usually do not cause rib 
notching in aortic coarctation.? The upper 
intercostals (1 to 3) rarely carry collateral 
backflow because they originate above the 
obstruction in the high pressure area. In 
addition, the shunt between supreme inter- 
costals and aortic intercostals is located 
close to the vertebral column, the inter- 
costal arteries 1 to 3 being merely side 
branches of this major anastomosis in both 
dog and man. Enlargement of the arteries is 
not caused by high pressure but by high 
blood flow. The lowest posterior inter- 
costals (10 to 12) are not distended enough 
to cause rib notching. Again there is no 
backflow in these arteries because there 
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are no anterior intercostals for anastomosis. 
Thev, therefore, do not receive collateral 
How from areas above the aortic obstruc- 
tion. The only parts of these vessels that 
carry collateral blood flow are the short 
spinal branches between the spinal arteries 
and the origin of the posterior intercostal 
arteries from the aorta. 

The venous collaterals during major 
venous obstruction have to be considered in 
two different areas. Ín an isolated high 
obstruction of the inferior vena cava, the 
venous blood has 3 major avenues: (1) the 
vertebral venous plexuses; (2) the azvgos 
svstem; and (3) the internal mammarv 
veins. The third avenue is not demon- 
strated in our experiments because these 
vessels were ligated. Contrast medium 
infused into the occluded inferior vena cava 
reaches the vertebral venous plexuses either 
through the lower lumbar veins or through 
the phrenic veins to the dorsal branches of 
the plexuses (Fig. 8). An excellent ana- 
tomic studv of these pathwavs 1s avail- 
able." From here the contrast medium can 
enter the azygos system v/a the upper 
lumbar veins or v/a the dorsal branches of 
the posterior intercostal veins. In addition, 
the inferior vena cava communicates with 
the azygos through the iliolumbar veins 
and the 2 lowest intercostal veins, through 
the phrenic and lumbo-abdominal vein to 
the sabcostal vein, or directly through the 
precentral or ascending lumbar vein. As- 
suming the appearance and clearance of 
contrast medium in the different collateral 
bypasses is indicative of the preferred 
direction of flow, the quickest exchange 
takes place in the lumbar veins, the pre- 
central vein, and the vertebral venous 
plexuses. The other pathwavs clear more 
slowly. 

Having reached the venous circulation 
above the diaphragm, the venous drainage 
favors the azygos vein, the internal mam- 
mary vein, and the venous plexuses. 
Since we occluded the azvgos and internal 
mammary veins, minor shunts became 
apparent: the venous blood drained 
through the venous plexuses or through 
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the superior intercostal veins, the right 
communicating with the supreme inter- 
costal vern and the left draining directly 
into the subclavian vein; in addition, the 
venous blood flowing in reverse direction 
through the intercostal veins is drained by 
the lateral thoracic and subscapular veins, 
ending in the axillary veins. 

keen? suggested that parts of the 
collateral venous vessels which develop 
during chronic obstruction of the inferior 
vena cava are distentions of primitive, 
embryonic venous pathways like the left 
posterior cardinal vein. A major argument 
tor this view is the observation that the 
right side of the venous circulation is more 
embarrassed (7.e., edema, greater venous 
pressure, etc.) than the left tollowing caval 
obstruction." This is because the inferior 
vena cava represents a composite of the 
embryonic vessels on the right and con- 
sequently, when it is obstructed, only the 
left primitive veins can reopen to facilitate 
drainage. 

We prepose an alternative explanation 
for this phenomenon, namelv, that the 
natural venous collaterals are sufficient to 
account for the enlarged new venous path- 
wavs during inferior vena cava obstruction. 
On caval ligation the venous blood below 
the obstruction reaches the azygos vein 
(right side) through the major shunts out- 
How in the azygos vein creates increased 
resistance to the drainage of the secondary 
collaterals of the right side, which termi- 
nate in the intercostal veins and the azvgos 
vein as well. This overloading of the azvgos 
vein leads to enlargement of collaterals 
leading to the axillary and subclavian veins. 
Unfortunately, the right superior inter- 
costal vein drains into the azvgos too, and 
hence this vein plays little role in collateral 
blood flow. On the left side, on the other 
hand, the secondary collaterals can drain 
freely into the hemiazvgos and accessory 
hemiazvgos veins. The collaterals to the 
axillary and subclavian vein are not over- 
loaded. In addition, the left superior inter- 
costal vein draining directly into the left 
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brachiocephalic vein provides an addi- 
tional channel for easy collateral drainage 
of the left side. Therefore, there is no need 
to invoke the reopening of embrvonic 
pathways for the establishment of venous 
collateral blood flow. 


SUMMARY 


In order to studv arterial and venous 
collateral pathwavs in the dog, radiopaque 
material was continuously infused and was 
followed by fast roentgenography during 
simultaneous obstruction of the aorta and 
the inferior vena cava. 

lotal obstruction of the descending 
aorta and the inferior vena cava, accom- 
panied by occlusion of the azygos vein and 
the internal mammary arteries and veins 
does not prevent the continuation of blood 
flow through the obstructed areas, al- 
though it does greatly reduce this flow. 

The arterial collateral How becomes 
smaller the greater the distance of the site 
of the aortic occlusion beyond the origin of 
the left subclavian artery. The major col- 
lateral pathwavs around high and low aor- 
tic occlusions are summarized in Figures 4 
and 7. The reason for the lack of enlarge- 
ment of the two highest and three lowest 
posterior intercostal arteries (rare occur- 
rence of rib notching) is that these vessels 
carry less collateral blood flow. 

Venous blood flow from the occluded in- 
ferior vena cava and azygos systems con- 
tinues to reach the superior vena cava by 
the pathways summarized in Figure 8. 
The anatomic site and the availability of 
the venous collaterals suggest that these 
existing vessels mav be enlarged when the 
inferior vena cava, the azvgos vein, or the 
superior vena cava is chronically obstruct- 
ed. There is no need to invoke the reopen- 
ing of lost embrvonic pathwavs for the es- 
tablishment of venous collateral blood 
flow. During inferior vena cava obstruc- 
tion, the lett side is less embarrassed than 
the right because of the additional channel 
on the left, namelv, the left superior inter- 
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costal vein draining directly into the bra- 
chiocephalic vein. 


Gunter Grupp, M.D. 

Department of Internal Medicine 
Cincinnati General Hospital 
Cincinnati 29, Ohio 


We are indebted to Dr. Benjamin Felson for 
his suggestions and advice pertaining to this 
manuscript and to Astrida Charles, Anna 
Stottlemyer, Pamela Ventre and Edwin Wright 
for their assistance in performing the experi- 
ments, 
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INTRA-OSSEOUS COSTAL VENOGRAPHY* 


ASSESSMENT OF THE METHOD IN STUDIES 
ON PORTAL HYPERTENSION 


By M. EIKEN, M.D. 


R. NIELSEN, M.D., 


and H. BADEN, M.D. 


COPENHAGEN, DENMARK 


N THE investigation of patients with 

presumed portal hypertension, percuta- 
neous splenoportography is of central 
importance and usuallv gives valuable in- 
formation regarding the pathologic and 
hemodynamic conditions. In certain cases, 
however, e.g., following splenectomv, the 
procedure is anepolieable: Moreover, it 1s 
not suitable for frequent follow-up studies 

Following the suggestion of Ehrhardt and 
Kneip? to inject contrast medium directly 
into the medullary cavity of bee à 
number of methods dealing with the appli- 
cation of this procedure in studving various 
venous pathwavs were published. In 1954 
Tori? and Süsse and Aurig’ suggested the 
injection. of contrast medium into a rib 
in order to visualize the azvgos svstem. 
Since 1957, Schobinger and co-workers? ? 
have shown how hemodynamic alterations 
under various morbid conditions, especially 
portal hypertension, might be reflected 
in individual azvgographic patterns char- 
acteristic of certain disease entities. These 
venous patterns have been illustrated by 
Schobinger in numerous examples, but the 
papers do not contain an exact analysis 
substantiating the claimed value of the 
method. 

At the Copenhagen County Hospital in 
Gentofte, Denmark, the procedure was 
assessed with a par ticular view to its appli- 

cability in evaluating portal hypertension. 


METHOD 


The technique corresponds accurately to 
that advocated by Schobinger. With the 
patient supine and under local anesthesia, a 
bone-marrow needle is introduced into the 
roth, rarely the gth, rib in the left midax- 
illary line, and 20 ml. of contrast medium 


(urografin 60 per cent) 1s injected intra- 
costally in 3 to § seconds. A single roent- 
genogram made shortly before the in- 
jection is completed may be sufficient, 
but 1n order to be able to fullv assess the 
value of the method, we made 4 to 8 
exposures at 3 second intervals at the 
termination of the injection. In order to 
avoid a Valsalva effect, the patient is 
instructed to relax, breathe quietly through 
his mouth, and to stop breathing without 
straining immediately before the exposures. 
The injection may elicit a verv short- 
lasting sensation. of pain, but otherwise 
there are usuallv no complaints during or 
after the procedure, which is technically 
very easy. 

In the first one-third of our patients, we 
injected procaine intracostally immediately 
before the contrast medium was intro- 
duced, as recommended bv Schobinger, 
but, since the value of this injection is 
problematic, it was omitted in the latter 
two-thirds. 

A small amount of contrast medium 
may run back along the needle and be 
deposited paracostallv. This may give 
rise to tenderness at the site of puncture. 
No other complications were observed. 


ANATOMY OF THE AZYGOS SYSTEM 


Between the superior and inferior venae 
cavae, there are several communications, 
the largest and most direct being the 
azygos system. 

The azygos vein arises inferiorly as the 
continuation of the right ascending lumbar 
vein which again communicates with the 
right common iliac vein. At the level of the 
4th-sth dorsal vertebrae, it curves anteriorly 
above the right main bronchus and opens 


* From the Department of Radiology and Surgical Department S, Copenhagen County Hospital in Gentofte, Hellerup, Denmark. 
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liG. 1. Normal azygograms. (4) Sixty-two year old female without clinical suspicion of portal hypertension 
or heart disease. (B) Forty-six year old male with confirmed portal hypertension. 


into the superior vena cava. It receives 
blood from all the intercostal veins on the 
right side. On the left of the spine, the 
hemiazvgos vein inferiorly communicates 
with the ascending lumbar vein, the com- 
mon iliac vein, and often also with the 
renal and spermatic veins. The hemi- 
azvgos vein enters the azvgos vein on a 
level with the 7th-gth dorsal vertebrae. 
Its tributaries are the lowest 4 to 6 inter- 
costal veins on the left. The remaining 
left-sided intercostal veins empty directly 
or indirectly into the accessory hemi- 
azygos vein, which passes downward on 
the left of the spine and opens into the 
azygos or hemiazygos vein. Variations are 
very common. 

Contrast medium injected into the 
toth or gth rib on the left will immediatelv 
pass into one or two intercostal veins, 
corresponding to the level of injection. 
Hence, it is carried to the hemiazygos vein, 
and further, by way of the azygos vein, to 


the superior vena cava. This simple venous 

pattern Schobinger calls the normal azygo- 

gram, which, according to him, is a regular 

ap in all normal individuals (Fig. 
Ls / and B). 

In the event of altered hemodynamics, 
the contrast medium will be carried by 
other routes, and Schobinger has described 
3 venographic patterns which he relates to 
well-defined disease entities. 

Splenopor tographic studies of portal hy- 
pertension have demonstrated how the 
blood flow in the portal venous bed may be 
reversed into a hepatofugal direction, usu- 
ally flowing toward the esophageal veins. 
Hence, it usually passes via the azygos vein 
to the superior vena cava. The greatly in- 
creased flow through the azygos vein is 
stated to be the probable cause of the most 
important differential diagnostic criterion 
of portal hypertension in costal azygog- 
raphy, 7.e., a very faint or, as a rule, com- 
pletely lacking opacification of the azygos 
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vein, although the forward-directed, upper 
part—the so-called bulb of the azvgos vein 
—is always visible. A simultaneous eleva- 
tion of the pressure in the azvgos svstem 1s 
presumed to explain the presence ot one or 
more of the other characteristics which com- 
prise increased passage of contrast medium 
through the medullary cavity of the 
injected rib, visualization of more than 2 
intercostal veins and of the lateral thoracic 
vein, occasionallv visualization of veins to 
the anterior abdominal wall, an increased 
number and augmented tortuositv of veins 
at the junction of intercostal and hemi- 
azygos veins, and visualization of the 
internal -vertebral venous plexus (Fig. 2, 
4 and B). According to Schobinger, the 
costal azygogram found in patients with 
portal hypertension is so characteristic that 
the diagnosis 1s said to be possible even 
before esophageal varices are demon- 
strable on barium swallow studies. 
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The other two characteristic venographic 
patterns have been described in obstruc- 
tion of the azygos vein (by a primary 
tumor centrally in the right lung or in the 
middle third of the esophagus or by lymph 
node metastases in the mediastinum) and 


cardiac insufficiency with right inflow 
stasis or constrictive pericarditis, res- 


pectively. Both are characterized by the 
outlining of a varying number of col- 
laterals. 

When the obstruction 1s complete, as in 
the superior vena cava syndrome, the 
azvgos vein or its bulb will not be visualized 
at all, but the contrast medium courses 
mainly via the ascending lumbar veins— to 
the inferior vena cava. If there is onlv 
partial compression, the azvgos vein mav 
be denselv opacified to the point of ob- 
struction, usuallv with delineation of the 
compressing mass. Ín cardiac decompen- 
sation the reduced flow within the venae 


Fic. 2. Abnormal azygograms, increased flow. (4) Thirty-eight year old male without clinical suspicion of 
portal hypertension or heart disease. (B) Fifty year old female with confirmed portal hypertension. 
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AGE DISTRIBUTION AT THE TIME OF 
102 COSTAL VENOGRAPHIES 


—  — PR EE —XX ——————————— - 


Age No. of Patients 
Under 30 6 
39749 26 
50-69 58 
Over 69 i 


cavae and their related venous territories 
may cause a verv dense opacification of the 
azygos venous system, a frequent visual- 
ization of the superior vena cava, and 
famt opacification of the right atrium. 
Similar. venograms may be seen when 
using the Valsalva maneuver. 

Thus, the three pathologic venograms 
are distinguished primarily by the varving 
opacification of the azygos vein and, sec- 
ondarilv, by the different collaterals. 

In portal hypertension complicated by 
ascites, the azvgogram will differ, according 
to Sciob nee there being a somewhat 
better opacification of the azygos vein than 
observed in portal hypertension without 
ascites. 

Following a successful, surgically estab- 
lished portosvstemic shunt, the abnormal 
azvgogram should become normal within a 
few weeks. Thus, costal azvgographv is 
convenient to verify the patency of an 
artificially created shunt. 


MATERIAL 


The present material comprises 102 
Investigations on 80 patients, 43 males 
and 37 females, whose age distribution is 
shown in Table 1. 

We took particular interest in the 
appearances 1n intra- or extrahepatic block 
leading to portal hypertension. Twentv- 
one patients with confirmed portal hy per- 
tension of intrahepatic origin were investi- 
gated immediately prior to portosvstemic 
shunt operation. The hypertension was 
confirmed during the operation, as it was 
either evident on sight or palpation (8 
cases) or demonstrated by direct pressure 
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measurement (13 cases). Moreover, 13 of 
the patients bad preoperative spleno- 
portograpay, and all showed filling of 
collaterals as an indication of portal hyper- 
tension. Qut of the 21 patients, 10 later 
had up to 4 postoperative costal venogra- 
phies. 

Four patients with portal hypertension 
of extrahepatic origin, demonstrated bv 
percutaneous splenoportography, were in- 
vestigated preoperatively by costal azvgog- 
raphy. 

Fifteen patients formerly treated for 
portal hypertension with portosystemic 
shunt operation were only investigated 
postoperatively, 183 to 2,564 davs after the 
operation. In 1 of these cases the patency 
of the anastomosis was dubious, and 1 was 
definitely occluded. In the remaining 13, 
the shunt was patent by clinical standards, 
and in 3 cases the patency was further 
confirmed by splenoportogr: aphy. 

A mixed group of 15 patients comprised 
those with cirrhosis, hepatic metastases, or 
unclassified severe liver damage, but with- 
out signs of portal hypertension. Two of 
these patients also showed signs of cardiac 
decompensation. Owing to the uncertain 
nature of the changes, thev are not suited 
tor an evaluation of the venous flow, SO 
that the azvgograms of these patients will 
not be discussed further. The same applies 
to 2 patients with cardiac disease who had 
previously been decompensated, although 
at the time of the investigation there were 
no signs of cardiac insufficiency. Lastly, 1 
patient with a right-sided pulmonary mass 
of uncertain nature will be left out. 

Two patients with cardiac decompen- 
sation and § with malignant tumors of the 
right lung will be briefly described below. 

A completely normal material cannot be 
submitted, but 15 of our patients had 
diseases which should not affect the venous 
return. through the azvgos svstem. In 
particular, they had no clinical, labora- 
tory, or roentgenologic signs of cirrhosis, 
portal hypertension, pulmonary or medi- 
astinal disease, or cardiac decompensation. 

These groups are listed in Table r1, and 
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CLINICAL CLASSIFICATION 





RS No. of 
Diagnosis Patie 
atients 
Confirmed hen cirrhosis with confirmed 
portal hypertension 21 
Extrahepatic portal hypertension 4 
Postoperative investigation of patients 
operated upon for portal hypertension 1$ 
Various hepatic diseases without confirmed 
portal hypertension rs 
Decompensated heart disease 2 
Tumor of right lung 5 
Miscellaneous E 
No signs of portal hvpertension, cardiac de- 
compensation, or pulmonary-mediastinal 
diseases d 


below the roentgenologic findings will be 
classihed for each group separately 


ROENTGENOLOGIC CLASSIFICATION 


A consistent classification of the roent- 
genologic findings 1s impossible, as there 
are even transitions from an obviously 
"normal" roentgenogram showing I or 2 
slender intercostal veins and moderate 
opacification of the azygos vein to “highly 
abnormal" patterns demonstrating 3-5 
intercostal veins and other collaterals of 
varving caliber, major or minor parts of the 
internal vertebral: veuous plexus, and de- 
creased or increased opacification of the 
azygos vein. The following classification 
will be used: 

I. Normal Azygograms. As "normal" we 
describe venograms showing the appear- 
ances which Schobinger calls normal: 
only 1 or 2 slender intercostal veins and 
moderate opacification of the azygos vein 
(Fig. 1, A and B). 

2. Slightly Divergent Azygograms. Tran- 
sitional cases with faint opacification of the 
azygos vein and possibly filling of small 
collaterals of doubtful pathologic signifi- 
cance 

ERE Abnormal Azyzograms. In the 
case oe definitely abnormal pictures, show- 
ing a varying number of collaterals, it was 
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necessary to distinguish between those 
showing an increased opacification of the 
azvgos vein indicating a reduced flow and, 
according to Schobinger, characteristic of 
cardiac decompensation or a Valsalva 
effect, which will be called “highly abnor- 
mal, cardiac type,” and those with non- 
filling or incomplete visualization of the 
azygos vein indicating increased fow, and 
according to Schobinger, tvpical of all 
cases of portal hypertension, which will be 
called “highly abnormal, portal type” 


(Fig. 2, 4 and DB; and 3, 4 and B). 


RESULTS 


A classification of the azygograms from 
patients with confirmed portal hyper- 
tension of intra- as well as extrahepatic 
origin (Table 1, Groups 1 and 2) accord- 
ing to the above principles gives the dis- 
tribution shown in the first part of Table 
ut. It will be seen that 4 azvgograms were 
completely normal, while another 8 dif- 
fered only negligibly from the "normal 
appearances." Among 12 venograms classi- 
fied as highly abnormal, only 8 showed the 
appearances characteristic of portal hyper- 
tension, while 4 showed an opacification of 
the azygos system so intense that the 
findings were more indicative of a reduced 
flow. None ot these patients showed any 
signs of heart disease. Five had varying 
degrees of ascites. Three of these patients 


had azygograms classified as “‘slightly 
divergent,” one had an abnormal azygo- 


gram with signs of increased flow (portal 
type), while the last patient was a variant 
beyond classification. None of the other 
patients had ascites. 

As already mentioned, we are unable to 
submit a completely normal control series, 
as we have not studied healthy persons by 
this method. However, it is expressly 
stated by Schobinger that a liver disease 
unac companied by portal hypertension at 
the time of the investigation does not 
affect the azygogram; indeed, this is a 
presupposition oF its applicability. By a 
critical review of the series in question, we 
found 15 patients in whom we feel able to 
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Fic. 3. Abnormal azygograms, reduced flow. (4) Forty-seven year old male without clinical suspicion of porta 
hypertension or heart disease. (2) Sixty-four year old female with confirmed portal hypertension. 


rule out portal hvpertension as well as 
heart disease and mediastinal changes. 
Probablv, a larger number of the patients 
actually belong to this group, but they 
were left out because the data were in- 
sufficient or the results of the investiga- 
tions equivocal. The second part of Table 


ii shows the roentgenographic findings 1n 
these patients all of whom ought to have 
"normal" azvgograms. Only 2 showed the 
simple “normal? venogram. Another 2 
venograms differed but little from normal, 
while 11 were highly abnormal, in most 
cases of the “portal type” with nonfilling or 
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ROENTGENOLOGIC CLASSIFICATION 


Clinical Group 
"Normal" 


Confirmed portal 
hypertension 4 
Normal 


ty 


with functioning 
anastomosis 

with nonfunction- 
ing anastomosis 


Postoperative 
investigations 


t- 





Azygogram 


“Highly 


“Highly 
“Slightly © Abnormal" | Abnormal" duse 
bsc " Yers 
Divergent (cardiac (portal 
type) type) 
3 4 8 
2 2 9 
3 3 S 


t2 
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incomplete visualization of the azvgos vein 
and ample filling of collaterals, as a rule 
including the internal vertebral venous 
plexus. 

Among the patients with confirmed 
portal hvpertension, particular interest was 
attached to the 12 who were investigated 
preoperatively as well as postoperatively. 
Ten had confirmed cirrhosis, while 2 had 
thrombosis of the splenic vein. In all ihes 
patients the function of the artificial shunt 
was clinically satisfactory throughout the 
period of the study. In 4 instances spleno- 
portography showed the shunt to be open. 
These 12 patients had a total of 31 investi- 
gations, Ze., 1-2 preoperative and 1-3 
postoperative (Table 1v). The interval 
from operation to the postoperative in- 
vestigation ranged from 10 to 415 davs, 
average 102 days. 

Classified according to the above prin- 
ciples, there was preoperatively 1 normal 
venogram which was unchanged on 2 post- 
operative investigations. “Slightly diver- 
gent" preoperative venograms were found 
in 3 patients; after the operation they 
remained unchanged in 2, while 1 became 
highly abnormal, of the portal type. 
Lastly, 8 patients had highly abnormal 
venograms preoperativelv; atter the oper- 
ation the appearances were unchanged in 6, 


normalized in 1 and "shghtlv divergent" 
Imi 
Fifteen patients with  portosvstemic 


shunts established prior to the commence- 


ment of the present study had intra- 
osseous costal venography 6-84 months 


after the operation. One had 2 postoper- 
ative investigations at an interval of Io 
months. Clinically, the shunt functioned 
satisfactorily in 13 of these patients, 
while in 2 the function was doubtful. From 
the third part of Table nr, it is apparent 
that 8 of the patients with a functioning 
anastomosis showed highly | abnormal 
appearances, although in these cases there 
had been ample time for normalization. 
Only 2 patients had completely normal 
azygograms, while in 3 the azygograms 
were "slightly divergent." Both patients 
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with nonfunctioning anastomoses had 
highly abnormal azvgograms. 

Finally, the material includes 2 patients 
with cardiac decompensation, 1 of whom 
showed the appearances described as typi- 
cal of this condition, while the other had a 
normal azygogram. Furthermore, $ pa- 
tients had a malignant tumor in the right 
lung or mediastinum. Four of these 
patients showed changes characteristic of 
the superior vena cava syndrome, all the 
contrast medium passing caudad through 
collaterals to the inferior vena cava. In 1 of 
these cases, contrast medium was also 
injected into a vein of the right arm, 
visualizing the occluded superior vena 
cava. The sth patient had a highly abnor- 
mal venogram of the portal tvpe. These 
results will not be commented on further, 
but it may be mentioned that several 
authors, most recently Skinner, Dreyfuss 
and ? Tardi, 2 feel that costal venography 
is a valua ble eaid in the preoperative assess- 
ment of the operability of a lung tumor. 


DISCUSSION 


As there is a need for a simplified roent- 
genologic method for demonstrating portal 
hvpertension, the reports on the applica- 
bility of costal intra-osseous venography 
were encouraging. It afforded a method 
which, although it did not give as full 
data as splenoportography regarding the 
cause of portal hvpertension, was less of a 
strain to the patient, technicallv easv, did 
not require special equipment, and was 
considered devoid of risk. 

The use of repeated costal intra-osseous 
venographies to verifv the patencv of an 
artificially created shunt, especially in 
splenectomized patients, was of particular 
interest. 

The applicability of such a method 
presupposes that the technique can be 
reproduced, 7Z.e., that the roentgenographic 
results are not uncontrollably affected by 
reasonable, minor variations in external 
factors, such as the choice of the injection 
site, the speed of injection, and the phase of 
respiration. In our experience, these de- 
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t sen, 
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Shighdy | 


| Divergent (cardiac type) 


Venography/Operation 
Abnormal 
(portal type) 


Abnormal 


7— 6-1961 


I~ 371961 


Venography 
Venography 
Operation 

Venograph y 


Venography 
Operation 

Venography 
Venography 


















t= s-1961 Venography | : | X 
I~ 7-1961 Operation | : : 
1-23-1961  Venography | | i x 
e. V i | | | | 
£-26-1961 Venography | | | x 
21-27-1962 Venography | : | x 
E 3-16-1961  Venography | | | x | 
F 3-25-1961 Operation | | | | 
e A H i ! i i 
aol 7 1 rs T /enooranbhwv i x : i i 
4712-1961. Venography : X | : 
= 4717 1961 Venogray hy | | M | | 
= 4-27-1961 Operation | | 
e g- 7-196:  Venography [ : X | t : 
T £—1£-1961  Venography | | | 2 X 
" 6- 8-1961 Operation | : | | 
& 12-19-1961 Venography | | | | X 
E PERE ENE LEET REL a OR a I - z Jie x 5 TTE 
O $-19-1961  Venography | : | | x 
§-27-1961 Operation | | | 
11-28-1961. Venography | | | x 
7-20-1961  Venography : x i : 
7-29-1961 Operation : | : 
11-20-1961. Venography ji | X : , 
8-21-1961 Venography : x : 7 
g-20~-1g61 Operation | | | 
10-69-1961  Venography 3 : : ^ 
I0-14-1961  Venography : li | X 
11-21-1961. Operation : | | 
12- 7-196061 Venography | | - 
i- :-1962 Venography : : t ; X 
= 11- g-1961 Venography | | | X 
PN [11-19-1961 Operation | | : 
= 2 12- 7-1961 Venography | | | | x 
2s AV Santee teen TP eyecare EEEE Mee ete Reet as, eaten Reais ie tee Pa Sed oe =e 
ew 11-28-1961. Venography | | | X 
&) Y NT r Hj ‘ ; | i 
ZA 12- i-1g61 Venography | | : x 
emo 0m La ene E . f H j 
Ho i2 £«T19bT Operation | | | 
A | s q — j ; | | 
a 12-18-1961 Venography | | X | | 
4-17-1962 Venography | | X | | 
Win Na lr oe Lu DC uu eR NT Res at Msi EL ML he eee E TE eae E costa dried 


* Ten patients with cirrhosis and portal hypertension confirmed preoperatively, 2 with extrahepatic portal hypertension. 
t Classification doubtful; the result should perhaps be listed in this category. 
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mands seem to be fulfilled, insofar as costal 
azygograms have proved reproducible in 
the same patient, both in sequences of 
immediately repeated injections of con- 
trast medium, with a varying speed of 
injection, and on injections at different 
times. Exposure during shallow respiration 
and during short lasting apnea showed 
uniform venographic appearances. A Val- 
salva maneuver seems to entail primarily an 
increased distention of the veins, but may 
also lead to filling of accessory collaterals. 

Other presuppositions for employing the 
method are a uniform vascular pattern from 
patient to patient, well defined changes in 
the event of portal hypertension, and 
reversibility of these changes following 
successful portosystemic shunt operation. 

These demands were not fulfilled in our 
studies (Fig. 1 through 3, inclusive). The 
azygograms showed all variations from 
normal to highlv abnormal patterns in 
patients who, judging by clinical findings, 
ought to have a normal venous return, in 
patients with confirmed portal hvperten- 
sion, and in patients investigated a varying 
length of time after successful portosvs- 
temic shunt operation. Our results appear 
to show that the normal vascular pattern is 
considerably more variable than described 
by Schobinger and his associates. 

The frequent variations in the normal 
anatomy of the azygos system of veins 
further complicate the assessment. 

Although the first reports on costal 
intra-osseous venography appeared as early 
as 1954, there are only a few reports on the 
applicability of the method in assessing 
portal hypertension apart from those pub- 
lished by Schobinger and co-workers. In a 
study on costal intra-osseous venography 
in mediastinal tumors Schwartz, Handel 
and Candel" described the normal azygo- 
gram which they found—in accordance with 
our experience——more variable than de- 
scribed by Schobinger. In a similar study, 
Fry, Singer and Tobin? mentioned 2 pa- 
tients with portal hypertensicn, both of 
whom had normal venograms. 
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Better conformity with Schobinger's 
observations was reported by Leger, Mon- 
tete and Marchand* on the basis of an 
investigation of “more than 40 patients," 
25 of whom had portal hypertension,but 
they found the filling of collaterals to be ex- 
tremely variable. In their opinion, non- 
visualization of the azvgos vein is decisive 
in diagnosing portal hypertension. Their 
technique, however, differs considerably 
trom Schobinger's, since they employ a rate 
of injection of about 30 seconds as com- 
pared with Schobinger's 5 seconds or less. 
Therefore, the results are not directly 
comparable. 

Barlas, Ergun, Oncel and Dinc! studied 
43 patients. including 20 with cirrhosis, 
but gave no further data regarding the 
presence of portal hypertension. Never- 
theless, they found the procedure of value 
in the diagnosis of portal hypertension and 
described the presence of dilated and 
tortuous intercostal veins as well as a 
varying number of collaterals. Unlike 
Leger, Montete and Marchand! and Scho- 
binger, they found nonvisualization of the 
azvgos vein in only 6 out of the 20 patients. 
Three of the patients with cirrhosis had 
normal azygograms. 

Owing to the considerable variabilitv in 
the normal costal azvgogram and the 
partially nonspecific changes observed in 
patients with confirmed portal hvper- 
tension, we do not find that the method, in 
its presest form, is suited for demon- 
strating portal hypertension or for check- 
ing the patency of an artificially created 
shunt. 


SUMMARY 


Costal intra-osseous venography was 
carried out 102 times on 8o patients, and 
particular interest was devoted to the 
venous return in portal hvpertension. The 
investigations were done bv the technique 
of Schobinger and comprised both pre- and 
postoperative studies on the same patients 
and late postoperative studies on a series of 
patients in whom a portosystemic shunt 
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had been established previously. A total of 
40 patients with present or past portal 
hypertension were studied. 

There was no consistent alteration of the 
azvgogram in the presence of portal hvper- 
tension, while pronounced variations in 
venous pattern were found among normal 
subjects. 

Accordinglv, the method is not con- 
sidered suitable for demonstrating or fol- 
lowing the course of portal hvpertension. 


M. Eiken, M.D. 
Copenhagen County Hospital, Gentofte 
Heilerup, Denmark 
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ARTERIOGRAPHY OF THE PANCREAS* 


By J. 


ROSCH and J. 


BRET 


PRAGUE, CZECHOSLOVAKIA 


RTERIOGRAPHY is an important 
method of examination, not only for 
visualization of the arteries themselves, but 
also in the study of parenchymatous or- 
gans. Cerebral and renal arteriography has 
found wide application, and recently arteri- 
ography of the liver and spleen has been in- 
troduced into practice. Experience with ar- 
teriography of the pancreas, however, has 
hitherto been quite limited. Kincaid and 
Davis? Lewitan e a/.,! Rigler and Olfelt!® 
and others, in discussing translumbar aor- 
tography, pointed out the possibility of ap- 
plying it for diagnosis of pancreatic tumors. 
Nevertheless, the truly significant advances 
In arteri MEM of the pancreas have been 
made only by se/ective methods of arterial 
catheterization. Tillander!’ was one of the 
first to use selective arteriography for this 
purpose, and Odman outlined the possibil- 
ities in selective arteriography of the celiac 
artery. Olsson*? and BoiJsen? contributed 
greatly to further development of pancreat- 
ic arteriography, introducinga new method 
of examination and decisively showing the 
importance of arteriography in the diag- 
nosis of neoplastic processes. 

In this report our own experience with 
arteri lography of the pancreas over a period 
of 4 years is described. Altogether, 91 pa- 
tients with various diseases of the pancreas 
were examined (Table 1). As a control 
group, there were ço arteriographic exami- 
nations in patients who had no clinical 
symptoms of pancreatic disease, and a nor- 
mal pancreas was surgically confirmed in 12 
of these. 


ANATOMY 


The blood supply of the pancreas is a 
fairly rich one. However, there is no inde- 
pendent main pancreatic artery; instead, 
the pancreas receives its blood Hee from 
the arteries of neighboring organs, mainly 


TABLE I 


: . No. of 
No. of 


Disease Das aes Operative 
Patients UC 
Confirmations 
Pancreatitis 42 E 
Pancreaticolithiasis ME O : 
Penetration of gastric 
uicer into pancreas E 3 
Pseudocyst 8 8 
Hv perinsulinism 6 3 
Malignant pancreatic 
tumors 17 ES 
Gastric carcinoma 
invading pancreas i 12 
Totals 91 59 


trom the gastroduodenal artery, the splenic 
artery, and occasionally the hepatic arterv. 
The superior mesenteric artery also contrib- 
utes a portion of the pancreatic arterial 
supply. Some of the supplving branches are 
constant ones; others varv greatly (Fig. 1). 

The head of the pancreas is principally 
supplied by the pancreaticoduodenal arter- 
les, namelv , the superior anterior and the 
Qu DEOR posterior ones, which branch otf 
from the gastroduodenal arterv, and the in- 
ferior anterior and inferior posterior ones, 
given off by the superior mesenteric artery. 
These generally have a diameter of approx- 
imately 2 mm., they anastomose richly, and 
the anastomoses form arterial arches on the 
anterior and posterior surfaces of the head 
of the pancreas. From these arteries, rela- 
tivelv long branches supplv the duodenum, 
and shorter ones enter the pancreas. 

In the region of the pancreatic neck, 
there lies the dorsal pancreatic artery. It 
arises most frequently from the first por- 
tion of the splenic artery, but it may also be 
a branch of the celiac artery, the hepatic ar- 
tery, or the superior mesenteric artery. Oc- 

casionally itis completely absent. The dor- 


* From the Roentgenology Department of the Central Military Hospital, Prague, Czechoslovakia, 
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sal pancreatic artery is usually 1.5-2.0 mm. 
wide. It divides after a short course into 
two branches, the right branch and the left 
one. Its right branch anastomoses with ar- 


teries on the anterior surface of the head of 


the pancreas; 1ts left branch leads to the 
body of the pancreas, where it communi- 
cates with the inferior pancreatic artery 


and occasionally 1s actually the origin of 


the latter. 

The body and tail of the pancreas receive 
their blood supply mainly from the splenic 
artery, which gives rise to the arteria pan- 
creatica magna, the caudal pancreatic ar- 
terv, and several smaller branches—the 
rami pancreatici. Also, the superior mesen- 
teric artery provides a small (and some- 
times a rather large) arterial supply to the 
body of the pancreas. The arteria pancre- 
atica magna arises from the splenic arterv 
to the left of the spine. It is short and ap- 
proximately 2.0-3.0 mm. wide. It enters 
the pancreatic parenchyma and ramifies 
richly in the region of the body and the tail. 
The caudal pancreatic artery originates 
from the peripheral part of the splenic ar- 
terv, or from 1ts hilar branches, and anas- 
tomoses with the other branches. It is nar- 
row and is occasionally replaced bv several 
smaller vessels, or it may be entirely ab- 
sent. 

The inferior pancreatic artery is found 
near the lower margin and posterior surface 
of the body and tail of the pancreas. It usu- 
ally is 1.0-1.5 mm. in diameter and its 
ramifications are highly variable. Some- 
times, it originates from the dorsal pancre- 
atic artery, at other times from the supe- 
rior mesenteric arterv, and occasionallv 
from lesser branches in the head of the pan- 
creas. 


TECHNIQUE 


We perform pancreatic arteriography by 
percutaneous catheterization after the 
method of Seldinger, choosing usually the 


femoral route. Selective arteriography of 


the celiac artery and the superior mesen- 
teric artery is utilized, the injections being 
made either consecutively with one cathe- 
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liG. 1. Anatomy of the arterial blood supply of the 
pancreas: ac—celiac artery, al—splenic artery, 
ahc—common hepatic artery, ahp—hepatic artery 
proper, agc—gastroduodenal artery, apdsp—supe- 
rior posterior pancreaticoduodenal artery, apdsa— 
superior anterior pancreaticoduodenal artery, 
agedx—right gastroepiploic artery, apd—dorsal 
pancreatic artery, apm—arteria pancreatica 
magna, apc—caudal pancreatic artery, rp—rami 
pancreatici, api—inferior pancreatic artery, ams— 
superior mesenteric artery, apdip—inferior poste- 
rior pancreaticoduodenal artery, apdia—inferior 
anterior pancreaticoduodenal artery, acm—middle 
colic artery, aai—intestinal arteries. 


ter or simultaneously with two catheters, as 
suggested bv Olsson? and Boijsen.? For the 
simultaneous approach, one catheter is in- 
troduced through the right femoral artery 
and the other through the left femoral ar- 
tery. In those patients in whom it is not 
possible to introduce a catheter selectively 
into the celiac artery or the superior mesen- 
teric artery, high abdominal aortography is 
used; 1n our series, this was necessarv in 
only 5 patients. 

The catheter used for selective catheteri- 
zation is the green Odman-Ledin catheter 
(Kifa), the end of which is bent into a small 
90° to 180° curve. Under fluoroscopic con- 
trol, the catheter is passed to the level of 
the diaphragm. After removal of the spring 
guide, the catheter is rotated so that its 
curved end is directed ventrally. The cathe- 
ter is then slowly retracted to the approxi- 
mate level of T12 or Li, where the tip en- 
ters the celiac artery either spontaneously 
or after further manipulation. Correct po- 
sition of the catheter tip is confirmed by a 
test injection of 3-5 cc. of contrast agent. 
Selective catheterization of the superior 
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mesenteric artery is accomplished similarly, 
the origin of this artery being 1.0-3.0 cm. 
caudal to the root of the celiac artery. 

As contrast medium, we use 76 per cent 
Uromiro (Bracco) or 76 per cent Urog- 
rafin (Schering). Celiac arteriography 
is performed with 30-40 cc., while su- 
perior mesenteric arteriography requires 
20-25 cc. For simultaneous arteriography, 
50-60 cc. is used. Injection of the contrast 
agent is accomplished with a Gidlund 
syringe under a pressure of 4 atmospheres. 
An Elema seriograph is utilized for roent- 
genography, the first 6 exposures being 
at half second intervals, the next 2 or 3 
exposures at one second intervals, and the 
final 6 exposures at three second intervals. 
Curix-Rapid Gevaert film is used, with 
exposure factors of 100-115 kv., 350 ma., 
and o.1 second. To improve visualization of 
the pancreatic vessels, the stomach is some- 
times insufllated with an effervescent pow- 


der. 


NORMAL APPEARANCES 


Selective arteriography of the pancreas 
has two stages: the vascular stage (Fig. 2) 
and the parenchymatous stage. Both stages 
(or phases) are subject to considerable var- 
iabilitv, for which allowance must be made 
in the interpretation of normal anatomy. 

During the vascular phase, there is vari- 
able filling of arteries in the vicinitv of the 





Fic. 2. Normal picture of simultaneous arteriogra- 
phy of celiac and superior mesenteric arteries, with 
insufflation of stomach. 
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Fic. 3. Arteriography of the celiac artery in hepa- 
titis and splenomegaly, with well demonstrated 
vessels of the entire pancreas. The tail of the pan- 
creas 1s displaced by an enlarged spleen. 
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pancreas. The branches of the head—the 
pancreaticoduodenal arteries—are usually 
well-shown, especially during simultane- 
ous arteriography. In consecutive arteriog- 
raphy, only the branches arising from the 
injected artery are ordinarily filled. How- 
ever, it occasionally happens that branches 
of the artery which were not injected may 
be opacified through anastomoses (Fig. 3) 
in which case the entire region of the head 
may be adequately visualized. In addition, 
the vascular supply arising from the splenic 
artery is generally well filled, especially the 
arteria pancreatica magna. The latter usu- 
allv courses obliquely to the left side, 
promptly dividing into many smaller rad- 
icals. The dorsal pancreatic artery is not 
constantly visualized, but in those cases 
where it does opacify it is easily identified 
by its typical ramification in the shape of an 
inverted T. The caudal pancreatic artery 
and the rami pancreatici are sometimes vis- 
ible as fine branches communicating with 
surrounding arteries. The inferior pancre- 
atic artery is fairly often seen, and 1t is rel- 
atively long. It is important to keep in 
mind that vessels within the left portion of 
the pancreas must be carefully differenti- 
ated from superimposed branches of the 
gastric artery, especially in patients with 
an elongated stomach. 

The parenchymatous phase of pancreatic 
arteriography is even more variable than 


VoL. 94, No. I 


the arterial stage. It commences 6-10 sec- 
onds after the beginning of the injection 
and 1s usually quite pronounced, especially 
in simultaneous arteriography or in arteri- 
ography of the celiac artery. The pancreas 
during this phase becomes diffusely opaci- 
hed, contrasting sharply with its back- 
ground. However, opacification of the entire 
pancreas is the exception rather than the 
rule. This is especially true in the region of 
the head of the pancreas, where the paren- 
chymatous phase 1s least marked and some- 
times can hardly be discerned. The left 
portion of the pancreas is usually better 
opacified, particularly in those cases where 
the arteria pancreatica magna is of gener- 
ous size. In the latter case, the body and 
tall of the pancreas may be readilv identi- 
fied, from the spine up to the hilus of the 
spleen. During the parenchymatous phase, 
the splenic vein and the portal vein are also 
often depicted, and thus their relation to 
the pancreas may be easily ascertained. 


A 
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PANCREATITIS 


In 42 patients with inflammatory condi- 
tions involving the pancreas, we found 
highly variable pictures which demon- 
strated a wide scale of findings, ranging 
from normal appearances to a significant 
Increase in number and deformity of pan- 
creatic branches, or, conversely, a marked 
reduction in vascular supply. In 6 patients, 
the arteriographic picture was a normal 
one; these were patients with secondary 
pancreatitis, or those in the quiescent stage 
of chronic relapsing pancreatitis. The most 
frequent finding, observed in 31 patients, 
was enlargement of the pancreas associated 
with irregularity of shape and an increase in 
arterial blood supply (Fig. 4, Æ and P). 
The parenchymatous phase was accentu- 
ated, and arterial deformation occasion- 
ally could be seen. These findings were of 
variable degree and corresponded on a 
whole with the character and stage of the 
disease process. 





Fic. 4. Subacute pancreatitis, with enlargement and hypervascularity of the right side of the pancreas. 
Arteriography of the common hepatic artery. (4) Arterial phase; (B) parenchymatous phase. 





Fic. £. Subacute pancreatitis, with involvement of 
the entire pancreas, but especially of its left side in 
which the branches are disfigured. (/7) Arteriogra- 
phy of celiac artery; (B) arteriography of superior 
mesenteric artery. 


In patients examined during the relaps- 
ing stage of chronic pancreatitis, or soon 
after a more acute phase, we observed 
slight pressure deformity of the surround- 
ing arteries, and the arterial supply of the 
pancreas appeared to occupy a larger area 
than normal. In a well pronounced paren- 
chymatous phase, enlargement of the pan- 
creas was usually still more apparent; 1ts 
shape appeared irregular, the contours were 
often knobby, and the neighboring veins 
were occasionally found to be compressed. 
These alterations were frequentlv well lo- 
calizedand affected only the head of the pan- 
creas, or its left portion (Fig. 5, £ and B), 
less frequently the entire pancreas was af- 
fected. This was the picture observed, for 
example. in a female patient following 
splenectomy. However, 1n her case it could 
not be determined whether inflammatory 
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hvpervascularity accounted for the find- 
ings, or whether the excessive filling of pan- 
creatic vessels was due to a large quantity 
of contrast agent having been delivered by 
a functioning remnant of the splenic artery. 

In patients with a less advanced stage of 
pancreatitis, inflammatory hypervascular- 
itv was not so pronounced. The parenchy- 
matous phase, however, often revealed ir- 
regular knobby contours of the pancreas, 
and occasionally the pancreatic outlines 
were also rather blurred. In several cases, 
the arteries were variously disfigured within 
the enlarged pancreas; usually, they ap- 
peared straightened and even rigid, but 
now and then they appeared irregularly 
narrowed with roughened outlines (Fig. 5, 
A and B). 

In the remaining 5 patients with ad- 
vanced forms of pancreatitis, mostly of the 
atrophic type, the arterial supply was 
found to be diminished or barely visible and 
the parenchymatous phase was practically 
absent. 


PANCREATICOLITHIASIS 


All 3 of these patients had concretions 
within the left portion of the pancreas. Ar- 
teriographic findings were virtually identi- 
cal in the 3 cases. The left portion of the 
pancreas appeared very poorly vascularized 
and in one patient the vascular supply was 
totally invisible. This portion of the pan- 
creas displayed practically no parenchy- 
matous phase. In contrast, the head showed 
normal or increased vascularity, and the 
parenchymatous phase demonstrated it to 
be of normal shape although slightly en- 
larged. In one patient, during the parenchy- 
matous phase, occlusion of the splenic vein 
was incidentally visualized. 


PENETRATION OF GASTRIC ULCER 
INTO THE PANCREAS 


In cases of gastric ulcer penetrating into 
the pancreas, changes were observed which 
were less marked but otherwise similar to 
those in pancreatitis, consisting mainly of 
hypervascularity. The hypervascularity in 
these cases, however, was localized and ap- 
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peared well-developed only in the immed- 
iate vicinity of penetration. In one patient 
with a prepvloric gastric ulcer, there was 
increased vascularity in the region of the 
head of the pancreas; in those patients with 
ulcer of the posterior wall of the bodv of the 
stomach, the hypervascularity was found 
within the left portion of the pancreas. The 
uninvolved portions of the pancreas showed 
no alterations from normal. 


PSEUDOCYST OF THE PANCREAS 


Of 8 patients with postnecrotic pseudo- 
cysts, 4 were examined preoperatively and 
4 were studied postoperatively. 

In 2 of the preoperative patients, the 
pseudocyst originated from the head of the 
pancreas, in another from the body of the 
pancreas, and, in the tourth preoperative 
patient, there was one pseudocyst in the 
head and another within the body of the 
pancreas. Arteriography showed character- 
istic pressure changes involving the sur- 
rounding vessels in all of these patients. At 
the site of the cyst, there was an absence of 
the vessels. Diminished vascularity and de- 
formity of vessels could be seen in the re- 
maining parts of the pancreas, with a faint 
or inadequate parenchymatous phase and 
occlusion of the splenoportal trunk with 
collateral circulation. Displacement of sur- 
rounding vessels was in the direction of 
growth of the pseudocyst. In one instance, 
a pseudocyst of the head of the pancreas 
displaced the common hepatic and gastro- 
duodenal arteries to the right; in a second 
case, the gastroduodenal artery was pushed 
to the left and its pancreaticoduodenal 
branches encircled the pseudocyst (Fig. 6). 
In a third patient, it was principally the in- 
ferior pancreaticoduodenal arteries which 
were compressed. The pseudocyst of the 
body of the pancreas in one of the patients 
displaced the superior mesenteric artery to 
the right. 

Four postoperative patients were exam- 
ined after emptying of their cysts. In a fe- 
male patient, examined 2 months following 
acute necrosis and sequestration of the tail 
of the pancreas, arteriography demon- 
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liG. 6. Large pseudocyst of the head and smaller 
pseudocystof the body ofthe pancreas, with pressure 
changes on surrounding vessels. Arteriography of 
celiac artery. 


strated considerable hvpervascularitv and 
enlargement of the head of the pancreas, 
with a well marked parenchymatous phase. 
The left portion of this particular patient's 
pancreas appeared quite avascular. The re- 
maining postoperative patients, examined 
2 or 3 vears following surgerv, showed di- 
minished ramification of pancreatic vessels, 
deformity of the arteries, and an impaired 
parenchymatous phase. 


HYPERINSULINISM 


Our series included 6 patients with var- 
ious forms of hvperinsulinism. In 3 pa- 
tients, arteriography disclosed a tumor aris- 
ing from Langerhans' cells (insulinoma); in 
2 patients, diffuse hypertrophy of the left 
portion of the pancreas was found; and, in 
I patient with occasional attacks of hy- 
perinsulinism, the arteriographic findings 
were within normal limits. 

The picture of insulinoma was quite char- 
acteristic in 2 of the patients. In the case of 
a 12 year old boy with an insulinoma the 
size of a cherry in the tail of the pancreas, a 
rich vascular network was demonstrated 
within the tumor during the arterial phase 
(Fig. 7.7); during the parenchymatous 
phase, the entire tumor became diffusely 
opacified and contrasted sharply with its 
surroundings (Fig. 7B). In a 28 year old pa- 
tient with an insulinoma, there had been a 
left-sided pancreatectomy followed by to- 





Fic. 7. Insulinoma of the tail of the pancreas, the size 
of a cherry. Simultaneous arteriography of celiac 
and superior mesenteric arteries, with insufflation 
of the stomach. (4) Arterial phase; (B) parenchy- 
matous phase. 


tal pancreatectomy, I vear before the ex- 
amination. Soon after these operations, hy- 
perinsulinism had reappeared. Arteriog- 
raphy of the celiac artery revealed typically 
staining tumor foci within the lower part of 
the right lobe of the liver. One of these was 
the size of a nut, the other the size of a lentil 
(Fig. 8). Our findings were confirmed at 
surgery and, following resection of the in- 
volved portion of the liver, the patient has 
remained free of complaints. In a third pa- 
tient, not yet operated upon, arteriography 
demonstrated 2 small areas of neovascular- 
ity within the body of the pancreas. 

In the patients with diffuse hypertrophy 
of the left portion of the pancreas, the ar- 
terial ramifications were found to be mark- 
edly increased in the body and within the 
tall, but no significant arterial deformity 
was observed. The parenchymatous phase 
was well developed in these areas, demon- 
strating enlargement of the left portion of 
the pancreas and uneven contours. No 
neovascularity was found. 
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MALIGNANT TUMORS OF THE PANCREAS 


There were 17 patients examined in this 
category, I4 with carcinoma, 1 witha cystic 
sarcoma, I with an angiosarcoma, and a 
woman with a nesidioblastoma and metas- 
tases to the liver. In 6 patients, the tumor 
arose within the head of the pancreas; in 8 
patients, it involved the head and body of 
the pancreas; and, in 3 patients, the body 
and tail of the pancreas were involved. 

The patients with carcinoma and the pa- 
tient with cystic sarcoma showed similar 
pictures. In these cases, the principal find- 
ing was neoplastic invasion of vessels in the 
vicinitv of the tumor. This was found in all 
cases, although its extent was variable. Oc- 
casionallv, only a localized segment of an 
artery showed rigidity and unsharpness of 
contours. In such cases, the findings were 
difficult to evaluate, especially when small- 
er vessels were affected. In other cases, the 
findings were quite convincing, with the in- 
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Fic. 8. Two tumor foci of an insulinoma in the lower 
part of the right lobe of the liver. Hepatic arteri- 
ography. 
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vaded vessel being obviously stenosed, rig- 
id, and of jagged contours (Fig. 9, Æ and 
B). Beyond the area of vascular stenosis, 
slight dilatation of involved vessels could be 
seen. In tumors involving the head of the 
pancreas, the gastroduodenal artery and its 
branches were primarily affected, with less 
frequent involvement of the superior mes- 
enteric and common hepatic arteries. In t 
patient (Fig. 11), a small carcinoma encir- 
cling the trunk of the superior mesenteric 
artery produced such diffuse changes that 
they were mistaken for arteriosclerotic al- 
terations. Neoplasms involving the body of 
the pancreas tended to infiltrate the central 
portions of the common hepatic and splenic 
arteries, and occasionally the left gastric 
artery (Fig. 10). Lesions arising in the body 
and tail were characterized mainly by their 
effects upon the splenic artery. The pancre- 





Fic. 9. Carcinoma of the head of the pancreas. (4) 
Arteriography of the celiac artery demonstrates 
invasion of gastroduodenal artery, with pressure 
changes on the pancreaticoduodenal arteries; (B) 
arteriography of the superior mesenteric artery 
reveals hypervascularity in the region of the tumor. 
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Fic. 10. Carcinoma of the body and head of the pan- 
creas, with encroachment upon central portions of 
the common hepatic, splenic and left gastric 
arteries. Arteriography of celiac artery, with filling 
of superior mesenteric artery through anasto- 
moses in the region of the head of the pancreas. 


atic branches in the region of the body and 
tail were only occasionally affected, and for 
the most part were not visualized. 

Pressure changes due to carcinoma were 
of variable degree, with arteries in the 1m- 





Fic. 11. Carcinoma of the head of the pancreas, en- 
circling the base of the superior mesenteric artery. 
Arteriography of superior mesenteric artery. 
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mediate vicinity of the pancreas and the 
pancreaticoduodenal arteries showing the 
most marked changes. Neovascularity due 
to tumor was found in 6 patients. However, 
in onlv 2 patients was the finding convinc- 
ing, and in these cases the neovascularity 
had the character of fine plexuses; in the 
other 4 patients, neovascularity was barely 
discernible and therefore less convincing. 
The parenchymatous phase was usually not 
well marked in cases of pancreatic carci- 
noma. Delayed roentgenograms often re- 
vealed occlusion of the splenic vern with an 
opacified collateral circulation. 

In the patient with angiosarcoma and the 
woman with nesidioblastoma, the findings 
were in a class by themselves. The angiosar- 
coma, originating from the body and tail 
of the pancreas, caused infiltration of the 
splenic artery. Its principal manifestation, 
however, was a rich neovascularity. This 
consisted of irregular plexuses, with nu- 
merous anastomoses leading to the portal 
circulation and to varices in the wall of the 
fundus of the stomach, as well as wide veins 





-— 4 


Fic. 12. Angiosarcoma arising in the body and tail of 
the pancreas, with filling of many newly formed 
vessels and opacification of venous anastomoses 
leading to the stomach and colon. Arteriography 
of celiac artery. 
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draining towards the colon (Fig. 12). In the 
female patient with extensive nesidioblas- 
toma, only abdominal aortography was 
possible. There was nonvisualization of the 
splenic artery, obviously due to neoplastic 
thrombosis. Despite this, many irregular 
neoplastic vascular plexuses were filled, with 
venous shunts deriving from them. 


GASTRIC TUMOR INVADING THE PANCREAS 


The 12 patients examined in this group 
exhibited a variety of findings. In most 
cases, the neoplasm arose from the middle 
or the upper portion of the stomach. In 7 
cases, it was manifested by neovascularity, 
and there were several examples of dense 
staining during the parenchymatous phase 
(Fig. 13, £ and B). These findings were es- 
pecially well demonstrated with simultane- 
ous insufflation of the stomach. There 
were no instances of gastric neoplasm in- 
vading the splenic artery, common hepatic 
arterv, or superior mesenteric artery. Vas- 
cularitv of the pancreas was normal or 
shghtlv increased, especially on the left 
side. During the parenchymatous phase, 
the left portion of the pancreas was well 
opacified and was occasionally found to be 
depressed, with blurring of its upper mar- 
gin. In 3 cases, the opacified pancreas 
blended directly with the shadow of the 
stained tumor. 


DISCUSSION AND CONCLUSIONS 


Although previous experience with arteri- 
ography of the pancreas is limited, there 
remains a basis for drawing certain conclu- 
sions. To date, since abdominal aortographv 
has failed to provide sufficient information, 
selective arteriography of the celiac artery 
and superior mesenteric artery appears to 
be the method of choice. The main issue is 
whether to perform selective arteriography 
of the two arteries by simultaneous injec- 
tion, or in successive stages. Both of these 
approaches have their individual advan- 
tages and disadvantages. In simultaneous 
arteriography, the vessels of the head of the 
pancreas are usually better demonstrated 
and, also, the parenchymatous phase 1s 
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l'1G. 13. Gastric tumor invading the body of the pancreas. (4) Arterial phase showing neovascularity in the 


region of the tumor; 
tumor and the pancreas. 


more marked. This method, however, ne- 
cessitates puncture of both femoral arteries 
and thus consumes more time; moreover, 
the large number of opacified vessels somc- 
times makes appraisal quite difficult. Suc- 
cessive arteriography, on the other hand, 
entails more irradiation of the patient while 
requiring but one needle puncture. It is 
technically less pretentious, and roentgeno- 
grams obtained in succession often present 
a better survey. All things considered, we 
find ourselves using successive arteriog- 
raphy more frequently than in the past. 
Further improvement in diagnosis will 
undoubtedly be achieved by application 
of selective arteriography to particular 
branches of the celiac and superior mesen- 
teric arteries. For example, with a suspected 
lesion in the head of the pancreas, the most 
useful information would be derived from 
selective arteriography of the gastroduo- 


(B) parenchymatous phase demonstrating difuse opacification ("staining") of the 


denal arterv; bv the same token, selective 
arteriography of the splenic artery would be 
ideal for evaluation of processes involving 
the left portion of the pancreas. 

Visualization of the pancreas may be im- 
proved by insufflation of the stomach. This 
should be reserved, however, for elongated 
stomachs where vases ramifications may 
obscure the left portion of the pancreas. 
Roentgenograms obtained this way are, of 
course, more difficult to reproduce for pub- 
THAN because of the wide range in con- 
trast. 

Until now, examinations have been per- 
formed with the stomach empty, implying 
minimal function of the pancreas with cor- 
respondingly reduced circulation. A theo- 
retic approach to better demonstration ot 
the pancreas might be to examine it in the 
actively functioning state. However, Od- 
man's? experiments with examination fol- 
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lowing administration of fats and chole- 
cvstokinin have so far been unsuccessful. 
We have tried to influence the examination 
bv secretin, but results to date have been 
unimpressive. 

Evaluation of pancreatic arteriograms 
must be circumspect, taking 1nto full ac- 
count the great variability and wide range 
of normal. It is important to appreciate the 
distribution of the vessels which encircle 
the pancreas or are embedded within its 
parenchyma. Being familiar with these fea- 
tures, the location and size of the pancreas 
may be estimated and pathologic processes 
can be discerned at an early stage. It 1s also 
important to search carefully for neovascu- 
larity, this being of great significance in the 
diagnosis of insulomata. Not to be under- 
estimated is the parenchymatous phase, 
which makes possible a most exact deter- 
mination of size, shape, and position of the 
pancreas (es specially its left portion). Od- 
man’s supposition, namely, thatit should be 
possible to discern even a small cyst during 
the parenchymatous phase, unfortunatelv 
is rarelv confirmed in practice. In late 
phases, it is also important to assess the 
venous vascular bed, paving particular at- 
tention to the splenic and portal veins. 

Pancreatic arteriography is not of uni- 
form value in all diseases of the pancreas. 
Its single most important application 15 1n 
the diagnosis of hvperinsulinomata and tu- 
mors of Langerhans' cells. These tumors, 
the diagnosis of which has been very dith- 
cult in the past, are reliably demonstrated 
by arteriography. As long as they are of dis- 
cernible size, their location may be accu- 
rately determined and secondary foci in 
surrounding organs may even be recog- 
nized, thus facilitating surgical removal. 
Moreover, arteriography is valuable for the 
diagnosis of other tvpes of tumor, both be- 
nign and malignant. On the whole, it per- 
mits reliable differentiation of such tumors, 
the criterion being the presence of pressure 
deformity or invasion of affected vessels. 
Early diagnosis of malignant tumors 1s ot- 
ten made possible by pancreatic arteriog- 
raphy. In these instances, it is important to 


J. Rosch and J. Bret 


May, 1965 


search mainly for vessel invasion. Untor- 
tunately, involvement limited to the small- 
er arteries will present a difficult decision 
since similar alterations may result from in- 
flammatory diseases of the pancreas; in the 
latter condition, however, a greater number 
of vessels is usually affected to a more 
marked degree. 

Arteriography further assists the surgeon 
in deciding upon the operability of neo- 
plasms. If a vessel of vital importance is at- 
fected by the infiltrative process (e.g., the 
supet jor mesenteric or common hepatic ar- 
tery), the tumor will already be inoperable. 
I bv demonstrating the vascular abnor- 
malities which are so frequent in these 
areas, pancreatic arteriography will aid the 
surgeon in avoiding complications. In the 
inflammatory diseases, arteriographv helps 
to a certain extent in ascertaining the de- 
gree of involvement, and thus may assist in 
planning the operation. Pancreatic arteri- 
ography also represents an important 
method for differential diagnosis of gastric 
neoplasms and for more precise determina- 
tion of their dorsal spread. 

The diagnostic possibilities of pancreatic 
arteriography may be appreciated by com- 
paring it with other methods of examina- 
tion (we intentionally exclude tumors of 
Langerhans’ islets, for which arteriography 
is the method supreme). Comparison with 
the usual examinations of the stomach and 
duodenum is overwhelmingly in favor of 
arteriography, which many times has dem- 
onstrated changes in cases where even care- 
ful examination of the stomach and duo- 
denum revealed no abnormality. Especially 
interesting is à comparison with specialized 
methods of examination, such as hvpotonic 
duodenographv and splenopor tography. In 
our opinion, splenoportography and hypo- 
tonic duodenography are more reliable in 
the diagnosis of pancreatitis than 1s arteri- 
ography, even though these too, have some 
drawbacks. To some extent, this belief may 
be due to our more extensive experience 
and clearer diagnostic criteria with the for- 
mer methods. In contrast, the diagnosis of 
neoplastic processes depends principally on 
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localization and spre eading of the tumor. 
Thus, in one of our patients with cancer of 
the body of the pancreas spreading anteri- 
orly, pancreatic arteriography presented a 
cle ale pathologic finding, whereas spleno- 
por tographs y and hypotonic duodenography 
were almost normal. On the other h: and, 
splenoportogr aphv was significantly posi- 
tive in a patient with a tumor of the body 
and tail of the pancreas, whereas arteriog- 
raphy showed only a questionable infiltra- 
tion of the pancreatic artery. In the re- 
maining patients, findings bv the various 
methods were generally in agreement. Ac- 
cordingly, we consider pancreatic arteriog- 
raphy, splenopor tographv, and hypotonic 
duodenography to be methods complement- 
ing one another. So far as practicable, it 
would appear advantageous to perform all 
three procedures in patients with suspected 
pancreatic disease. At the same time, we do 
not advocate eliminating the common ex- 
aminations of the stomach and duodenum; 
these retain their importance as basic exam- 
inations despite introduction of new meth- 
ods, and are certainlv useful for broad ori- 
entation about the pancreas. 


SUMMARY 


Following a survev of the literature and 
review of the regional vascular anatomy, 
the authors summarize their personal ex- 
perience with selective pancreatic arteri- 
P Arteriograms have been obtained 
in 91 patients wih various diseases of the 
a reas, and examinations in £o patients 
without evidence of pancreatic disease have 
been evaluated as controls. The technique 
of the examination is described, followed bv 
descriptions of the normal pancreatic arteri- 
ogram and the pathologic findings in pan- 
creatitis, pseudocvsts, hyperinsulinism, ma- 
lignant pancreatic tumors, and invasion of 
the pancreas bv gastric ulcers and neo- 
plasms. The concluding discussion con- 
cerns the technique of examination and 
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possibilities for its improvement, the prin- 
ciples of evaluating the roentgenographic 
findings, and a comparison of arteriography 
with other methods for the diagnosis of 
pancreatic diseases. 


Joseph Rosch 

V. Borcové 2 
Praha 6-Brevnov 
Czechoslovakia 
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ARTERIOGRAPHY IN ORTHOPEDICS* 


By MORDECAI HALPERN, M.D., 


and ROBERT H. FREIBERGER, M.D. 


NEW YORK, NEW YORK 


Il developments in the field of ar- 
teriography have greatly broadened its 
applications bv its capability to accurately 
reproduce jn vivo anatomy and pathology. 
A wide experience in the interpretation of 
morbid vascular anatomy has been obtained 
not only in diseases of the carciovascular 
system but also in diseases of the renal 
parenchyma, the abdominal visceral or- 
gans and the brain. The results have shown 
that these detailed studies have provoked 
much interest. In several special situations, 
as carotid and renal angiography, the 
examinations are indispensable to modern 
diagnosis and treatment. It was thought 
that the application of arteriography to 
various orthopedic problems might result 
in substantial diagnostic advantages. With 
this purpose in mind, we sought to build up 
a background of experience In trauma, neo- 
plastic disease and in the differential diag- 
nosis of inflammatory disease versus tumor. 
The necessity for arteriography in such 
conditions as congenital hypertrophy of an 
extremitv has already been established. 

An evaluation of our experience with 
osseous arteriographv, while admittedly 
still limited, has indicated the following 
positive advantages: (1) increases the 
opportunity for preoperative diagnosis; (2) 
permits a graphic representation of vas- 
cular anatomy; (3) allows confirmation of 
suspected malignancy or of malignant 
degeneration of a benign tumor; and (4) 
ES determining the optimum site for 
biopsv of a suspected malignant tumor by 
demonstrating the area of maximum vas- 
cularitv. As a result, arteriography has 
been found to be valuable in the investi- 
gation of a variety of diseases involving the 
musculoskeletal system. 

Selective arteriography has been per- 
formed in 40 patients with the deliberate 


Aided by a grant from The Whitehall Foundat:on, 


intention of analvzing the vascular struc- 
ture of a given lesion. Certain of these 
cases have been chosen for discussion and 
case presentation because they serve to 
demonstrate the role that angiography 
plaved in either diagnosis or treatment or 
because the case represents a basic example 
of some important facet of this radiogra- 
phic technique. 

It is interesting that the first efforts in 
the field of arteriography were directed 
toward the differential diagnosis of neo- 
plasms in bone. The work of dos Santos,’ 

Caldas?, and Fariñas? actually provided 
the major impetus to the development of 
modern selective arteriography. The value 
of serial roentgenographic examinations 
was demonstrated by these investigators 
and, subsequently, improvements in the 
techniq ue enabling a wider application of 
ee were formulated by Radner,” 
Seldinger,? Ödman”? and others. In con- 
junction with the improvement of avall- 
able contrast media and the moderniza- 
tion of roentgenographic equipment, the 
role of angiographv rapidly expanded in 
medicine. 

The technical approach is variable and 
determined by the specific problem. In its 
simplest form, peripheral arteriography by 
direct needle puncture is employed in 
many patients with lesions of the extrem- 
ities. This often involves direct puncture of 
the brachial or common femoral arteries 
where the use of small gauge needles is pret- 
erable to the larger sized needles (greater 
than 18 gauge) since minor puncture 
wounds in the artery result, minimizing 
the aftercare of the patient. The choice of 
the tvpe of needle is primarily a personal 
one, varying between arterial needles of the 
Cournand type, ordinary short beveled 
needles, or specially designed arterial nee- 
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dies with blunt tipped outer cannulas. 
Arterial needles have been devised with 
specially designed mandrins to permit the 
safer passage of the needle through the 
lumen of the vessel to ensure a well main- 
tained position. throughout the examina- 
tion. Generally şo per cent diatrizoate 
contrast agents (or their equivalents) meet 
the requirements of the examination. The 
amount of contrast medium varies between 


re and 20 ce., depending upon the size of 


the part to be examined and the presumed 
nature of the lesion. 


The modified Seldinger technique of 


catheter replacement arteriography is also 
aetively employed, most often with the 
femoral artery as the site of entrance into 
the arterial svstem. While the retrograde 
passage of a catheter from this site to the 
subclavian vessels provides excellent visu- 
abzation of the subclavian, axillarv and 
brachial arteries, visualization of the vas- 
cular supply to the forearm and hand is 
generallv not adequate. Accordingly, when 
such areas are sie studv, direct: needle 
pancture of the brachial artery is em- 
poved. Lesions of the thigh, knee or the 
proximal leg can be adequately examined 
bv needle puncture of the femoral artery. 
The peripheral portions of the lower limb 
can be demonstrated best by the antegrade 
pussage of a catheter from the femoral 
ito the popliteal artery, emploving pres- 
sure injection of contrast medium. Precise 
detail of the peripheral vasculature of the 
lez and toot is obtained in this fashion. 
Individual situations may prohibit the 
use of vessels within the diseased limb, 
in which case a catheter is passed from 
the opposite side in a retrograde fashion 
to the aortic bifurcation and then di- 
rected antegrade through the common 
iac system of the leg to be examined. 
These various techniques carry a very mi- 
ner rate of complications, most of which 
are insignificant in the hands of experienced 
personnel. All examinations adhere to cer- 
tan basic principles: (1) it is desirable to 
ject the contrast medium into a vessel at 
a point as close to the lesion as is feasible; 
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(2) whenever possible superimposition of 
vessels not specific to the problem should 
be avoided; and (3) high quality, highly 
detailed serial roentgenograms covering the 
arterial, capillary and venous phases of the 
blood flow through the diseased tissue are 
preferable. 


INTERPRETATION OF STUDIES 


The interpretation of arteriograms is 
based upon the analysis of the opacified ar- 
terial supply and to some extent upon the 
venous drainage of the lesion; it depends 
upon an evaluation of the caliber, course, 
contour and number of vessels as well as a 
studv of the dvnamics of flow and its com- 
parison with the known normal. The abnor- 
mal condition of "staining" of a lesion is 
occasionally encountered. This consists of 
an overall increase in density caused by the 
accumulation of the contrast agent in in- 
numerable thin walled vascular channels. 
The individual channels, however, cannot 
be identified on the roentgenogram and the 
radiopaque blush persists into the venous 
phase beyond the period of opacification of 
the arterial system (Fig. 1, B and C; and 
2. ane C), 

As 1s shown later, the evaluation of post- 
traumatic conditions producing disruption, 
compression or occlusion of arteries as well 
as aneurvsms or fistulae (Fig. 3; and 4, .7 
and B) poses no diagnostic difficulties and 
precise information as to size and position 
of the lesion as well as the state of collateral 
circulation, etc., can be clearly defined. 
This information is invaluable to the clini- 
clan. 

The differential diagnosis between in- 
flammation, benign and malignant tumors 
is more dithcult. These lesions all may pro- 
duce tumor-like swelling which mav cause 
displacement of vessels, leading to in- 
creased vascularity. The morphologic ap- 
pearance of the vessels is the most impor- 
tant criterion of the differential diagnosis. 
In inflammatory lesions, the arterial chan- 
nels remain orderlv and taper in a normal 
fashion as they ramify in the tissues (Fig. 
5$, 44-C). In contrast, malignant tumors 
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lic. 1. Female, aged 50 years with pain and 
swelling of the left foot and ankle for 5 
months. Clinical and roentgen findings (4) 
suggest either tumor or low grade infection, 
possibly tuberculosis. (B and C) Percutane- 
ous transfemoral antegrade catheter arterio- 
grams. B—arterial phase; C—venous phase. 
l'indings typical of malignant tumor with 
(a) pathologic vessels, (b) tumor staining 
and (c) avascular areas of tumor necrosis. 


Diagnosis: Primary renal cell carcinoma. 
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Fic. 2. Female, aged 70 years, with warm swollen leg for 4 months, clinically diagnosed as thrombophlebitis. 
(4) Bone destruction of the fibula and smooth cortical erosions of the tibia. (B and C) Percutaneous trans- 
femoral antegrade catheter arteriograms. B—arterial phase; C—capillary venous phase. Highly vascular 
tumor with (a) pathologic vessels, (b) tumor staining and (c) abnormally early venous filling. Diagnosis: 
Malignant tumor, metastatic. 
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Fic. 3. Male, aged 16 years, developed acute pain in 
the left leg. Simple tibial fracture 3 vears previ- 
ously now securely healed. Femoral needle arterio- 
gram shows large saccular aneurysm (arrow) of 
the anterior tibial artery. Diagnosis: Post-trau- 
matic arterial aneurysm. 

show pathologic vasculature of a variable 

degree, depending upon the lesion itself. 

(Io. 1,45: 2, 1-6: ",4-6s 8, 4-0 % and 9, 

4 and B). Pathologic vasculature 1s most 

vividly described by Strickland: A path- 

ologic is deployed seemingly 
without purpose, keeps no set course and 
shows no progressive diminution ot caliber. 

As it runs through the mass of tumor its 

walls may be lined by tumor cells and in this 

instance, it ends its haphazard journey in 
amorphous spaces in the midst o* areas of 
necrotic tissue. Such ‘tumor lakes’ will re- 
main full of contrast medium for a consid- 
erable time there being no residual elastic- 


vessel... 


itv in their walls to aid the expression of 


the medium... ." The tumor vessel as de- 
scribed above appears quite specific for ma- 
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lignancy and we have not observed it in be- 
nign conditions. Staining, on the other 
hand, while very often a feature of vascular 
malignant tumors, may be seen in benign 
conditions. A classic example is the opaci- 
fication of the vascular nidus of an osteoid 
osteoma as described by Lindbom «e a/.° 

As is true of other specialized diagnostic 
procedures, the interpretation depends to 
some extent upon the previously deter- 
mined clinical findings and upon the prob- 
lem to be resolved. When arteriography is 
performed in a case of suspected osteoid os- 
teoma, the purpose is to differentiate it 
from a bone abscess. Angiographic resolu- 
tion of the problem lies in the demonstra- 
tion of the avascularity of the abscess by 
persistence of a radiolucent area in the bone 
lesion, as contrasted with staining of the 
vascular nidus of the osteoid osteoma. In 
this instance staining within the bone lesion 
would not cause a misdiagnosis of malig- 
nancy. Additional support for the diagno- 
sis of a benign lesion would come from in- 
terpretation of the character of the vessels 
supplying the lesion. 

In our experience, angiography has been 
useful in the following conditions: (1) post- 
traumatic disruption and occlusion of ma- 
jor vessels, post-traumatic arteriovenous 
fistula (Fig. 4,4 and B) and suspected post- 
traumatic arterial aneurvsm (Fig. 3); (2) 


gigantism of an extremity for diagnosis 
of congenital arteriovenous malformation 
(Fig. 6, 4, B and C); (3) bone infection, 
particularly low grade chronic. osteomve- 
litis in which no clinical or laboratory clue 
to the diagnosis 1s present and a strong sus- 
picion of bone tumor exists (Fig. 5, 7, 5 
and C); and (4) malignant bone tumors to 
corroborate the clinical impression of ma- 
lignancy with angiographic evidence, and 
to determine the optimum site for biopsv 
of the lesion. 

[t is difficult to understand why arteri- 
ography has not been used to a greater ex- 
tent in the investigation of trauma.! Clini- 
cal evaluation of patients has not infre- 
quently resulted in exploration to deter- 
mine whether or not the vascular system 
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Fic. 4. Male, aged §9 years. Shot gun wound 42 years ago. Right leg somewhat enlarged, warm, discolored 
and pulsatile. No disability. (7) Femoral needle arteriogram shows enlarged popliteal (P) and anterior 
tibial (AT) arteries feeding a large complex arteriovenous fistula (black arrows). (B) Venous phase shows 
fistula (white arrows) and enlarged popliteal vein (P-V). Diagnosis: Post-traumatic arteriovenous fistula. 
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lic. s. Male, aged 57 years. Increasing pain in 
the right knee for 2 months with tender 
mass at the medial aspect of the proximal 
tibia. Normal laboratory studies. (4) Roent- 
genogram shows bone sclerosis in proximal 
tibia with areas of bone destruction. ( B and 
C) Femoral needle arteriograms. B—antero- 
posterior; C—lateral. Normal vasculature. 
No evidence of mzlignancy (osteopoikilosis 
in distal femur). Diagnosis: Osteomyelitis, 
Staphylococcus aureus. 





Fic. 6. Female, aged 23 years. Enlarged left lower 
extremity with increased warmth. (4, B and C) 
Percutaneous transfemoral catheter arteriograms. 
4 and B—arterial phase; C—venous phase. The 
arterial bed of the hip and knee regions shows an 


Arteriography in Orthopedics 


2OI 


was intact and the extent of vascular in- 
jurv, if present. This information can be 
safely anc simply obtained through arteri- 
ographv and normal studies of traumatized 
limbs will obviate exploration for this pur- 
pose. Detailed information as to the extent 
of vascular injurv can be obtained, hema- 
toma can be differentiated from arteriove- 
nous fistulae and severance or occlusion of 
arterial channels can be demonstrated. 
There has been some investigation of the 
appearance of fractures which show a de- 
gree of increased vascularity of the tissues 
contiguous to a fracture site with normal 
progressive diminution in caliber of the ves- 
sels, characteristic of a benign condition." 
The vasculature distal to a fracture is nor- 
mal. As evidenced by both traumatic aneu- 
rvsm or arteriovenous fistula formation, 
the late results of trauma present a clear ar- 
terlograph:c picture. 

Compression of the subclavian artery in 
the scalerus anticus syndrome can be con- 
firmed by arteriography" (Fig. 10, £ and 
B). Studies of patients presenting this 
symptom complex have been performed 
through a transfemoral approach by selec- 
tive catheterization of one or both subcla- 
vian arteries. Arteriograms of the subcla- 
vian artery with the arm both adducted 
and abducted and externally rotated have 
shown narrowing of the lumen and altera- 
tions in the dynamics of flow. Patients with 
the clinical findings of the scalenus syn- 
drome proven by arteriography have had 
excellent results from surgery. Along simi- 
lar lines, there can be special instances in 
which arteriography is indicated. One pa- 
tient demonstrated a critically placed oste- 
ochondroma which caused deviation and 
Intermittent compression of the superficial 
femoral artery, resulting in claudication. 
Complete relief was obtained by resection 
of the osteochondroma. 


abnorma. increase in number and size of vessels 
with rapid shunting of blood into the venous sys- 
tem. Diagnosis: Congenital arteriovenous mal- 
formations. 
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Fic. 7. Male, aged 16 years. Left knee pain for 
3 months. (4) Roentgenogram shows 
osteosarcoma of proximal tibia with bone de- 
struction and exuberant tumor bone forma- 
tion. (B and C) Femoral needle arterio- 
grams. B—arterial phase; C—venous phase. 
Moderate number cf tumor vessels (a) with 
tissue staining (b) and abnormally early 
venous filing (c) M—metaphyseal vein. 
Diagnosis: Osteogeric sarcoma. 





Fic. 8. Female, aged 32 years. Nontender mass noted at medial aspect of proximal tibia at time of pregnancy 
2 months ago. (/7 and B) Roentgenograms show bone destruction and bone sclerosis with organized perios- 
teal reaction. (C and D) Femoral needle arteriograms show sparsely vascular tumor with scattered tumor 
vessels (a) and tumor staining (b) seen in soft tissues and bone. Stationary waves present in anterior tibial 


artery (arrow). Diagnosis: Ewing's sarcoma. 
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Gigantism of a limb demands a detailed 
investigation as to etiology. Arteriography 
is indispensable in such circumstances, 
either to establish that there is no arterio- 
venous malformation, or when such a le- 
sion exists, to provide visual deta l of all 
abnormal arterial channels, and to demon- 
strate the location of the arterioverous fis- 
tulae and the venous drainage from the af- 
fected part (Fig. 6, 4, B and C). In our ex- 
perience, surgery has not been berecial in 
cases of extensive congenital arteric venous 
malformations. 


Mordecai Ha pern and Robert H. Freiberger 
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In discussing the need for correlation of 
routine roentgenographic and clinical infor- 
mation with an arteriogram, the means by 
which and importance of separating inflam- 
matory processes from neoplasms have 
been mentioned. Apart from the mechani- 
cal displacement of vessels, we have not 
seen benign bone lesions, such as an en- 
chondroma, with any significant vascular 
changes. The main features of the inflam- 
matory process have been reviewed but ad- 
ditional mention should be made of the fact 
that the hypervascularity of inflammatorv 





liG. 9. Female, aged 9 years. Left leg pain for 3 months following minimal trauma and recent swelling of the 
leg. (4) Roentgenogram showing bone sclerosis and bone destruction with periosteal new bone formation. 
Pulmonary metastases were present. (B) Femoral needle arteriogram shows highly vascular malignant 
tumor with pathologic vessels (a) and vascular pools (b) with large soft tissue components. n—nutrient 


artery. Diagnosis: Ewing’s sarcoma. 
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processes may result in earlier filling of the 
venous channels than is normal. This hemo- 
dvnamic pattern, however, is not of the or- 
der of magnitude as that seen 1n malignant 
lesions. Angiographic observations in Pag- 
et's disease failed to reveal arteriographic 
abnormality with the exception of a mild 
increase in the vascular supply to the peri- 
osteum of the bone at a site contiguous to 
the active stage of the disease in the bone. 
The degeneration of Paget's disease and 
chondromatous or other benign tumors 
into their malignant counterparts is most 
often associated with clinical evidence of 
pain. Angiography in 
demonstrates the vasculature, 
thereby assisting ın the determination of 
the ideal site for biopsv. 

Lagergren eż a7.^* have made detailed in- 
vestigations of the angiographic findings 
in osteosarcomas and fibrosarcomas. The 
clinical picture and physical findings of 
warmth and dilatation of subcutaneous 
veins in an area of an osteosarcoma are evi- 
dence of their high degree of vascularity. 
There seems to be some correlation between 
the degree of vascularity of such tumors, 
the extent of bone destruction, and the de- 
gree of malignancy of the tumor. More than 
half of the tumors studied showed that the 
soft tissue extension of the mass also had 
considerably increased vascularity. In only 
a small group was this pattern reflected in 
the medullary canal of the bone itself. Early 
shunting of contrast medium from arterial 
to venous channels is a feature of these vas 
cular malignant lesions. In the fibrosar- 
coma group of tumors, some increase in 
vascularity was noted in the majority of 
cases while 25 per cent were essentially 
avascular. The degree of malignancv of the 
tumor appears to be directly related to the 
degree of vascularity. Many malignant tu- 
mors tend to be nonhomogeneous in their 
histologic structure and have varving de- 
grees of growth rates. For this reason, 
choosing the site of biopsy of a tumor is of 
considerable importance. The arteriogram 
can be used to locate the most vascular por- 
tions of a tumor; these are apt to represent 


such conditions 


abnormal 
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Fic. 10. Female, aged 10 years. Acute swelling, numb- 
ness, tingling and cyanosis of the right forearm 
and hand. (4 and B) Percutaneous transfemoral 
catheter arteriograms. 4—arm in adduction, (c) 
—catheter; B—arm in abduction. Segmental com- 
pression of the subclavian artery with the arm in 
external rotation and abduction. Scalenectomy 
was performed with complete relief of symptoms. 


the areas of the greatest rate of growth and 
the highest degree of malignancy. 

Primary soft tissue sarcomas may show 
a profuse vascular network of pathologic 
vessels with early opacification of the ven- 
ous drainage system and demarcation of 
the periphery of the tumor from the sur- 
rounding normal tissue. However, it may 
be dithcult to precisely distinguish inflam- 
matory from neoplastic processes, since 
some soft tissue malignant tumors are 
sparsely vascular. Cockshott and Evans,’ 
after an extensive study of soft tissue tu- 
mors, concluded that arteriography did not 
provide a great amount of additional infor- 
mation that was truly of value in enhanc- 
ing diagnosis or in assisting in the therapeu- 
tic management of the patient. However, 
the vascular soft tissue lesions, such as 
hemangioma, glomus tumor and, of course, 
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the arteriovenous malformations. fall into 
a different category; in these artecjographv 
is indispensable. Metastatic lesions of both 
bone and soft tissue often presen: à vascu- 
lar pattern identical to that seer in a pri- 
mary lesion. There are no characteristics 
that permit the differential diagnosis be- 
tween a primary and secondary lesion. 


CONCLUSIONS 


Arteriography is a simple and precise 
technique for the demonstration of vascu- 
lar morphology in a variety of lesions seen 
in the practice of orthopedics. A broader 
application of this diagnostic procedure ap- 
pears indicated, both for academic and 


practical reasons, to establish the role of 


angiography as an investigative method. 
Ar teriographv can be of distinct value in 
the differential diagnosis of beniga and ma- 
lignant tumors, and can be of assstance in 
determining the proper site for a opsy. In 
gigantism of extremities, 1t represents an 
indispensable diagnostic technique and in 
many other instances arteriography has 
proven to be of inestimable value in aiding 


diagnosis, treatment and prognoss. 


Mordecai Halpern, M.D. 
The New York Hospital! 

£26 East 68th Street 

New York, New York 10021 
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ASCENDING PHLEBOGRAPHY IN FRESH THROMBOSIS 
OF THE LOWER LIMB* 


By S. BORGSTRÖM, T. 


GREITZ, W. 


and 


VAN DER LINDEN, J. MOLIN, 


L RUDICS 


UMEÅ, SWEDEN 


the veins of the lower 
limb as seen at phlebography is well known. 
n cannot be said without reservation 
about the changes in fresh thrombosis. [n 
1940, Bauer? described 4o phlebographi- 
callv examined cases of fresh thrombosis, all 
of which "showed a typically absent or 
defective opaque filling of one or all of the 


i & s appearance of post-thrombotic 
hanges in 


deep vessels draining the lower leg." 
Bauer also—as an exceptional finding-— 


described the appearance of a floating 
thrombus in deep veins. However, he 
examined his cases with the leg horizon t 
This technique does not permit a satis- 
factory contrast filling of the deep main 


venous trunks and the muscular veins of 
"absent or detective" filling of 


the calf. An 
one or all of the deep veins can be obtained 
also in patients with normal deep veins. A 
satisfactory study of the anatomy of these 
veins by phlebography can be made only 
with a vertical position of the extremity’ 
There are few reports of phlebographic 
findings in cases of acute thrombosis made 
with the "vertical technique." Lindbom,” 
who examined the patient in a sitting 
position, points out that in acute cases the 


thrombus frequently floats within the 
vessel and that the injected contrast 


material can be seen between the thrombus 
and the vessel wall. However, 
does not present an account of anv clinical 
material and it is not evident whether he 
shares the opinion of Bauer regarding the 
common phlebographic appearance of acute 
thrombosis. 

Bauer selected for his examinations cases 
with clinical signs of acute thrombosis. This 
excluded cases which clinically run a silent 
course and it 1s improbable that cases of 


* From the Surgical Clinic (Head: Stig Borgström, 
Torgny Greitz, M.D., Professor of Diagnostic Rad folegs) 


Lindbom? 


very fresh, nascent thrombosis were in- 
cluded. In order to detect such cases, a 
group of patients in whom thrombosis 1s 
likely to occur has to be studied, irrespec- 
tive of the presence or absence of clinical 
signs. Onlv one such series, by Hjelmstedt 
and Sundstrom,® examined by  phlebog- 
raphy with vertical positioning of the 
extremity has been published. These au- 
thors investigated the occurrence of throm- 
bosis following fracture of the tibial shaft, 
but because of the plaster casts the 
muscle veins could not be studied. From 
autopsy čata it appears that thrombosis 
usually startsin the calf and most likely in 
the muscle veins; however, a thrombosis 
confined to a muscle vein--as far as we 
have been able to ascertain-—has not been 
demonstrated by phlebography. 

A controlled clinical investigation of an 
anticoaguiant drug (dicoumarol) with the 
use of phlebography provided the possi- 
bility of studying the thromboembolic 
disease in its early and silent stages. This 
trial was made on patients with a trochan- 
teric fracture, which is the most common 
injury compelling elderly persons to remain 
recumbent, The clinical results of the trial 
have been published in an earlier paper. 
Here, mainly, those findings which are of 
roentgeno.ogic interest are discussed. 


MATERIAL 


Originally, 58 cases with trochanteric 
fractures, 18 men and 40 women with a 
mean age of 73 vears, were investigated. 
All patients were operated upon and the 
fractures were nailed. Four patients died 
betore the phlebographic examination, 
which was usually made 3 weeks after the 
operation, 


MLD., Professor of Surgery) and the Roentgendiagnostic Department (Head: 
, University of Umea, Umea lasarett, Umea, Sweden. 
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1. Examination table with arm sipport and 
simple cassette holder. 


TECHNIQUE 


Phlebography was carried out in accor- 
dance with the technique described by 
Greitz./ The patient was placed in the 
erect position, leaning backwards on an 
examination table which was tilted 60° 
degrees from the horizontal plane A metal 
frame was attached to the examination 
table to help the patient maintain the erect 
position (Fig. 1). A vein of the corsum of 
the foot was punctured percu-aneously 
and 60 ml. of 45 per cent urog-afin was 
injected as rapidly as possible. Roentgeno- 
grams of the crus and thigh were obtained 
in two planes. Furthermore, studies of the 
upper thigh and pelvis were made in the 
frontal projection. This series was repeated 
so that at least 2 roentgenogrems were 
made in each projection. No tourniquet or 
elastic bandage was applied. Tie roent- 
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genograms were exposed at 80 to go kv. In 
addition, intraosseous pelvic phlebography 
was carried out in the horizontal position 
following injection of 20 ml. of 45 per cent 
urografin into the greater trochanter. 


RESULTS 


Phlebography could be peformed in only 
44 out of the 58 patients. Four patients died 
before the examination. In 2 cases with seri- 
ous mental disorders, phlebography was 
considered out of the question by a psychi- 
atrist. In 8 cases attempts at phlebography 
were unsuccessful. In 3 cases the exam- 
ination had to be interrupted or was 
unsatisfactory because of severe shock. 
Four patients with mental disorders did 
not cooperate sufficiently. In 1 patient it 
was impossible to puncture the veins of 
the foot. 

In the 44 patients, good contrast filling 
was obtained of the deep and superficial 
veins of the calf, and of the popliteal, 
femoral and great saphenous veins. In 15 of 
these cases changes were seen on phlebo- 
grams which were considered due to acute 
thrombosis (Table 1). Thirteen of these 
patients, belonged to the untreated control 
group. (The significance of this finding as 
to the value of anticoagulant treatment 1s 
discussed in an earlier paper.) No patho- 
logic changes were seen on pelvic phlebo- 
grams made in the horizontal position; all 
thrombotic changes were seen on phlebo- 
grams made with vertical positioning of 
the extremity. These changes consisted of 
filling defects located centrally in nonoc- 
cluded veins. The defects were all con- 
stant. Thus, thev were visible and were of 
the same size and appearance on several 
roentgenograms, both in the lateral and the 
frontal projections (Fig. 2, 4, B and C). 
Thev were all sharply outlined; as sharply 
as the vessel wall. Also, the proximal 
limits of the thrombi were quite sharp and 
often rounded. They formed casts of the 
veins in which they were located. These 
casts were even demonstrated in the venous 
valves (Fig. 2, 4, B and C; and 3). Asa 


rule, the defects were located centrally 


TABLE I 


LOCATION OF ACUTE THROMBOSIS ON PHLEBOGRAMS 
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derotes vein filled with contrast medium, no thrombosis. 
— derotes vein not filled. 
- der.otes vein filled, thrombosis present. 
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Fic. 2. (4) Fresh thrombosis of muscular vein in the calf, forming a sharply outlined, centrally located filling 
defect. (B) Roentgenogram made about 1 minute later. The filling defect has a constant appearance, form- 
ing a cast of the vein. (C) The thrcmbus can be seen also in the anteroposterior projection. 
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Fic. 3. 


Fresh thrombosis in proximal portion of small 
saphenous vein. The thrombus assumes the shape 


of the lumen of the vessel, including the venous 


valves. 


within the vessel, but a somewhat eccentric 
position was also observed (Fig. 4, 4 
and B). These findings make it possible to 
differentiate a thrombus from a defect 
caused bv the inflow of blood, unmixed 
with contrast material, into a contrast 
filled vein. Such a defect is not constant, 
not sharply outlined, and usually not found 
in muscular veins but mostly in the 
superficial vein.! 


In the reported material the diagnosis of 


van der Linden 





, Molin and Rudics May, 1965 
thromboses in veins filled with contrast 
medium was always made on the obser- 
vation of the characteristic filling defects 
and never on the basis of totally absent 
filling of venous channels. 

In 10 of the 1§ cases with positive find- 
ings at phlebography, the thrombosis was 
located in the muscular veins of the calf 
and in 6 of these there were no other signs 
of thrombosis. In 4 cases the deep veins of 
the calf were also involved and in 3 of 
these thrombosis was noted in the deep 
veins of the thigh. Of the 5 cases without 
thrombosis of the calf, the deep veins of 
the calf were involved in 3 cases (Fig. 5, 
A and B), the small saphenous vein in 1 
case and the muscular veins of the thigh, 
including the distal portion of the deep 
femoral vein, in I case. The muscular 
veins in the thigh were thrombosed in 2 
Thus, muscular vein thrombosis was 
found in 12 out of the 15 cases. Five pa- 


Cases. 


Fic. 4. (4 and B) Thrombus in muscular vein ts 
somewhat eccentrically located. The defect has a 
constant appearance. 
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Phlebography in Thrombosis of the Lower Limb 





Fic. 5. (4 and B) Small constant filling defect of posterior tibial vein, diagnostic of thrombosis, is seen at the 
same level in both the lateral and frontal projection. 


tients, 1 with and 4 without acute throm- 
bosis, showed signs of old recanalized 
thrombosis of the deep veins.’ 


DISCUSSION 


As the phlebographic diagnosis of acute 
thrombosis was not correlated to the 
resulrs of any other method, the accuracy 
of the phlebographic me-hod can be 
questioned. Only in 1 patient was the 
roentgenologic diagnosis confirmed at au- 
topsy. However, the clinical investiga- 
tion in which these patients participated 
supplied indirect evidence for the reliability 
of phlebography. No information regarding 
clinical signs of thrombosis was given to 
the radiologist, who referred all cases of 
thrombosis but 1 to the non-dicoumarol 
treated group. With an unreliable method, 
the roentgenologist would not have been 


able to detect a difference between 2 
groups of cases unknown to him. It would 
have not been possible bv using an unreli- 
able method to classifv all cases of throm- 
bosis into one group. 

A] patients in this series were examined 
with regard to clinical signs (Table 11). 
There were 10 cases with clinical signs of 
thrombosis; phlebography could be per- 
formed in 8. Of these, 7 showed thrombo- 
sis on phlebograms. On the other hand, 
out of rz surviving patients with phlebo- 
graphically proven thrombosis, only 6 had 
clinical signs. This provides the previously 
missing evidence that thrombosis often 
runs a sient course, not only—as autopsy 
studies have shown—among those who 
succumbed to the diseases but also among 
the surviving patients. Finally, we wish to 
point out that the frequency of thrombo- 


Tare II 


CLINICAL AND PHLEBOGRAPHIC DIAGNOSIS 
OF THROMBOSIS 
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-+ denotes thrombosis present; — denotes thrombosis absent. 
* One patient died later; thrombosis was found at necropsy. 


sis in this series asdemonstrated by phlebog- 
raphy, high as 1t may seem, is presumably 
still higher, since only one leg was exam- 
ined. 


CONCLUSIONS 


1. Early thrombosis can be detected bv 
ascending phlebography with the leg in a 
vertical position. The method is suffici- 
entlv reliable to be used in clinical investi- 
gations in which the frequency of the 
thromboembolic disease is to be studied. 

2. In fresh thrombosis a floating throm- 
bus is usually demonstrated on phlebo- 
grams. 


3. Muscular vein thrombosis can be 
shown on phlebograms of a vertically 
placed extremity and is a frequent finding 
in cases with fresh thrombosis of the lower 
leg. 

4. Phlebographic studies provide the 
previously missing evidence that thrombo- 
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sis of the lower extremity frequently runs a 
silent course also in surviving patients. 


SUMMARY 


Acute thrombosis of the lower limb has 
been studied with ascending phlebography 
in the erect position. The thrombosis is 
frequently confined only to muscular veins. 
Its roentgenologic features are described. 


T. Greitz 

Neuroradiological Department 
Karolinska Sjukhuset 
Stockholm 6o, Sweden 
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SELECTIVE VASODILATATION AS AN AID 
IO ANGIOGRAPHY* 


By PAUL C. KAHN, M.D., and ALLAN D. CALLOW, M.D. 


BOSTON, MASSACHUSETTS 


HE slow blood flow through many of 

the smaller arteries has imposed more 
critical limitations on successful arterio- 
graphic visualization than their size. Ves- 
sels remain unseen on good serial studies, 
when they could be readily filled with con- 
trast material, if they were carrving their 
maximum amount of blood. Since various 
vasodilator drugs and mechanisms are 
available for temporarily increasing the 
blood flow in selected areas, we have inves- 
tigated the clinical usefulness of such meth- 
ods for improving the diagnostic quality of 
our arteriograms. We have been interested 
not only in the peripheral circulation, but 
in visceral branches such as the celiac and 
bronchial arteries. We have used tolazoline, 
histamine, papaverine, lidocaine, and the 
reactive hvperemia following arterial occlu- 
sion. 


MATERIALS AND METHODS 


Following routine serial arteriographic 
studies by the percutaneous catheter 
method, under local anesthesia a slow in- 
tra-arterial injection was made of one or 
more of the following: tolazoline hydro- 
chloride, 10-50 mg.;* papaverine hydro- 
chloride, 30-60 mg.;t lidocaine hydrochlor- 
ide, 60-100 mg.;f and histamine acid phos- 
phate, 0.1-0.2 mg.§ Each of the medications 

ras diluted to 15-30 cc. with normal saline. 
Alternatively, a blood pressure cuff was in- 
flated on a previously elevated limb to 
above systolic pressure for 7 minutes, ac- 
* Priscoline hydrochloride, Ciba Pharmaceutical Co., Summit, 
g os hydrochloride, Wm. S. Merrill Co., Cincinnati, 
Ohio, 

f Xylocaine hydrochloride, Astra Pharmaceutical Products, 
Inc., Worcester, Mass. 


8 Injection histamine acid phosphate, Eli Lilly & Co., Indian- 
apolis, Ind. 





Fic. 1. Thirty-seven year old male with leg edema. 
Left femoral arteriogram showed no evidence of 


arterial disease. (4) Maximal visualization of 
arteries to the foot, 13 seconds after injection of 
15 cc. methylglucamine diatrizoate 60 per cent in 
left external iliac artery. Only a few of the meta- 
tarsal arteries are seen. (B) Similar contrast injec- 
tion after introduction of 25 mg. tolazoline. Maxi- 
mal visualization 4 seconds after injection. The 
metatarsal arteries are well filled and dilated. 


cording to the method of Hishida.!? Serial 
roentgenograms were then made to dupli- 
cate as closelv as possible a series made be- 
fore vasodilatation. The femoral artery 
was studied in 35 patients, the brachial in 
7, the celiac in 7, and the bronchial in 3 


* From the Departments of Radiology and Surgery, Tufts University School of Medicine and Pratt Clinic-New England Center 


Hospital, Boston, Massachusetts. 


214 Paul €. Kahn and Allan D. Callow May, 1965 





ic. 2. Fifty-nine year old male with claudication in the left leg. Extensive bilateral iliac arteriosclerosis and 
complete occlusion of the left superficial femoral artery at its origin were demonstrated. Serial roentgeno- 
grams (4) from 6 to 26 seconds after injection of 30 cc. methylglucamine diatrizoate 76 per cent in the distal 
aorta show no filling of vessels to the left leg. (B) Similar contrast injection after introduction of 20 mg. 
tolazoline in left external iliac artery shows collateral vessels reconstituting a short segment of the distal 
popliteal artery (arrow), 13 seconds after injection. 
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cases. Blood pressure and pulse were 
checked frequently during the procedure. 
RESULTS 

In the lower extremitv, we noted no sig- 
nificant change following intra-arterial ad- 
ministration of papaverine or lidocaine. 
The effect otf tolazoline seemed to varv with 
the condition of the arteries. In those pa- 
tents with relativelv good circulation. to 
the foot, there was a two or three fold in- 
crease in the speed of flow and much better 
visualization of the distal small vessels 
(Fig. 1, Æ and B). In patients with poor cir- 
culation to the foot, but with extensive col- 
lateral vessels at the level of the thigh and 
knee, these vessels became markedly di- 
lated, and the runoff arteries in the leg 
could be more clearly delineated (Fig. 2, Æ 
and B). In patients with femoral artery ob- 
struction and poor collateral circulation, 
tolazoline produced little effect. Injection 
during the phase of reactive hyperemia pro- 
duced visualization of the deep arteries of 
the leg even in some patients with mark- 
edly impaired circulation (Fig. 3, £ and B), 
but was completely ineffective in others. 

In the upper extremity we noted a dra- 
matic increase in blood flow to the hand 
both following tolazoline injection, (Fig. 4, 
A and B) and release of arterial compres- 
sion. The latter method proved particularly 
useful in a patient in whom the digital cir- 
culation had to be studied via an injection 
in the proximal subclavian artery (Fig. 5, 4 
and B). 

In the celiac axis both tolazoline and his- 
tamine produced increased flow through 
the splenic artery (Fig. 6, 7 and B), and im- 
provement of the portal phase of the angio- 
gram (Fig. 7, £ and B). Histamine ap- 
peared to be slightly superior. The hepatic 
artery was also dilated 1n some cases, but 
paradoxical constriction was present in 
others. In the bronchial artery the injection 
of tolazoline produced in all cases an in- 
crease in the size and filling of branch ves- 
sels (Fig. 8, 7 and B). 

Some of the patients complained of chills 
after tolazoline and a characteristic local 
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Fifty-two year old male with absent femoral 
pulses bilaterally. Translumbar aortogram showed 
complete occlusion of the right external iliac and 


pu 


left common femoral arteries. (7) Maximum 
visualization of arteries to right leg 20 seconds after 
pressure injection of 30 cc. methylglucamine 
diatrizoate 76 per cent in mid-abdominal aorta. 
Very little runoff distal to the occluded popliteal 
artery is seen. (B) Similar injection immediately 
after release of blood pressure cuff just below knee, 
inflated to above arterial pressure for 7 minutes. 
Runoff vessels to the leg, including an intact ante- 
rior tibial artery, are well seen 7 seconds after 
injection. 


reddening of the skin was observed follow- 
ing peripheral injection. The slight hypo- 
tensive effect was well tolerated by all. Pa- 
paverine, histamine, lidocaine and tourni- 
quet ischemia produced no side effects. 
There were no complications. 


DISCUSSION 


The principal peripheral vasodilator drugs 
can be grouped into 4 classes.! Tolazoline is 
in the category of agents which act by com- 
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petitive blocking of vasoconstrictor (epi- 
nephrine) receptors in the arterial wall. Pa- 
paverine is representative of the mvovascu- 
lar relaxants, which have a direct paralvz- 
ing action on the smooth muscle of blood 
vessels. While histamine is listed in the 
same category, its action, particularly in re- 
lation to physiologic vasodilator mecha- 
nisms, is still uncertain. Lidocaine acts 
both as a myovascular relaxant and, in the 
third group, as a vasomotor center depres- 
sant. The fourth category consists of gang- 
lion blocking agents such as hexamethom- 
ium bromide. The vasodilating effect of is- 
chemia is possibly a still different mecha- 
nism, related to the release by the tissues of 
a polypeptide similar to bradykinin.” 59 
The therapeutic intra-arterial adminis- 
tration of vasodilator drugs has been well 
documented.*'* Their usefulness is limited 
by their short period of action, their tend- 
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encv to dilate arteries to the skin rather 
than to the muscles, and the difficulties of 
administration. 

The use of intra-arterial vasodilators for 
arteriography was first reported in 1937 by 
sgalitzer" who used papaverine, appar- 
ently without much success. Both he and 
Ratschow'® found the reactive hyperemia 
following arterial compression useful. The 
latter author also used diathermy and svm- 
pathetic block with some benefit. In recent 
vears, although there was considerable in- 
terest in coronary’! and cerebral vasodi- 
lators,"* little attention was paid to drugs 
acting on the remaining visceral and periph- 
eral vessels. Nordenstrom,” in his Cham- 
berlain lecture on methods of altering cir- 
culatory dynamics to improve roentgen ex- 
amination of the cardiovascular system, 
disregarded the subject almost entirely ex- 
cept for a brief mention of sodium acetri- 





Fic. 4. Fifty year old female with recent onset of Raynaud’s phenomenon and diminished wrist pulses. (4) 
Maximum visualization of arteries to left hand 21 seconds after injection of 10 cc. lidocaine hydrochloride 
| per cent and 15 cc. methylglucamine diatrizoate 60 per cent in left brachial artery. Only a few small 
metacarpal branches are seen. (B) Similar injection after introduction of 20 mg. tolazoline in left brachial 
artery. The irregular cutoff of metacarpal and digital arteries and collateral network in the wrist and palm 


are now demonstrated, 6 seconds after injection. 
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l'1G. 5. Fifty-one year old female with recurrent nonhealing infections of the fingers and markedly diminished 
wrist pulses. The brachial and axillary pulses could not be felt because of the patient's obesity. Only the 
proximal portion of the left subclavian artery could be catheterized via the retrograde femoral route. The 
axillary and brachial arteries were small but no occlusion of the proximal vessels was seen. (4) Maximum 
visualization of the arteries of the left wrist and hand, 14 seconds after injection of 15 cc. methylglucamine 
diatrizoate 60 per cent in left subclavian artery. The ulnar artery and digital branches are not seen. ( B) 
Similar injection immediately after 7 minutes of arterial occlusion by sphygmomanometer cuff. The occlu- 
sion of the distal ulnar artery and the patchy absence of digital arteries are seen, 3 seconds after injection. 


Fic. 6. Sixty-eight year old female with advanced 
gastric carcinoma. (4) Celiac arteriogram with 
40 cc. methylglucamine diatrizoate 76 per cent 
gives fair visualization of the hepatic and splenic 
vessels. (B) Similar injection after 0.15 mg. hista- 
mine acid phosphate shows dilatation of all 
branches. The smaller hepatic arteries are well 
filled. The spleen is enlarged in comparison to the 
first injection. Branches of the left gastric artery 
supplying the lesser curvature tumor can be 
clearly seen (arrows). 
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zoate as a vasodilator. Hishida,!” in an ex- 
tensive series, found tolazoline much less 
effective than his method of reactive hyper- 
emia: however, there is some doubt whether 
he injected the drug sufficiently slowly to 
produce maximum local action. 

In evaluating the effect of vasodilators in 
arteriography, many variables must be con- 
sidered. The contrast media used for angi- 
ography are themselves vasodilators.’ 
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However, methylglucamine diatrizoate 60 
per cent and 76 per cent,* which we used, 
act much more weakly and for a shorter 
period than sodium acetrizoate? and had 
no residual effect in control experiments 
with injections at 10 minute intervals. Gen- 
eral anesthetics produce profound changes 
in vascular tone? which can be demonstra- 
ted angiographically.? We limited our- 
selves to local anesthesia and light sedation. 
Such factors as changes in room tempera- 
ture, blood pressure and the presence of 
spasm in the larger vessels due to catheter 
manipulation must also be evaluated. 

The time of injection of the vasodilator 


* Renografin, E. R. Squibb & Sons, N. Y. 


Fic. 7. Fifty-eight year old male with bronchogenic 
carcinoma being evaluated for hepatic meta- 
stases. The arterial phase of the celiac arteriog- 
raphy was normal. (4) Best visualization of the 
portal system 15 seconds after injection of 35 cc. 
methylglucamine diatrizoate 76 per cent in celiac 
axis. (B) Similar injection after introduction of 
c.18 mg. histamine acid phosphate in celiac artery. 
The splenic and portal veins are well seen, 10 sec- 
onds after the injection. Note the dilatation of 
these vessels compared to the first study. 
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Fic. 8. Fifty-five year old male with bronchogenic carcinoma (4) Selective arteriogram of the left lower 
bror.chial artery with 10 cc. methylglucamine diatrizoate 62 per cent shows dense tumor stain. Only a few 
filamentous normal branches are seen. (B) Similar injection after introduction of 10 mg. tolazoline into 
brorchial artery. A left upper bronchial artery is now filled (upper arrow), and the right bronchial branch 
(lower arrow) is dilated. The better filling of normal branches diminishes the contrast of the tumor stain. 


is apparently quite critical and administra- 
tion in less than § minutes results in more 
systemic and less local effect. We found 
that arteriography within several minutes 
is sufficiently fast to demonstrate the vaso- 
dilatation, but that by the time 15 minutes 
have elapsed there is some decrease of effect 
of tolazoline. We are planning to study dose 
and -ime factors more completely in the 
laboratorv. 

The use of vasodilators car. obviously en- 
hance the angiographic study of peripheral 
vessels. Visualization of visceral arteries 
with vasodilators 1s a greater challenge. 
Celiac arteriography can reveal some ab- 
dominal tumors, some sites of bleeding, 
some esophageal varices and some hepatic 
metastases. The yield of success mav be 
considerably increased by the appropriate 
application of vasodilators. Superior and 
inferior mesenteric arteriography may also 
be improved by the same method. Bron- 
chial arteriography has recently become 
feasible and the dilatation of these vessels 
during angiography mav afford the oppor- 
tunity to delineate peripheral lesions. We 
feel that there is a real need in the expand- 


ing field of selective angiography to utilize 
fully all available pharmacologic methods 
to improve visualization of blood vessels. 


SUMMARY 


Selective intra-arterial injection of sev- 
eral vasodilator drugs and vasodilatation 
tollowing ischemia have enhanced visuali- 
zation of small arteries in peripheral, celiac 
and bronchial arteriography. 

In 35 lower and 7 upper extremity arter- 
iographies, tolazoline and reactive hyper- 
emia proved helpful in improving visualiza- 
tion of peripheral vessels, while papaverine 
and lidocaine were not effective. In 7 celiac 
arteriographies, histamine and tolazoline 
increased splenic artery filling and im- 
proved the portal venogram. In 3 bronchial 
arteriographies, tolazoline dilated the nor- 
mally small bronchial arteries. The various 
clinical applications of these techniques are 
now beinz investigated. 


Paul C. Kahn, M.D. 

Department of Radiology 

Pratt Clinie-New England Center Hospital 
171 Harrison Avenue 

Boston 11, Massachusetts 
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A ROENTGENOLOGIC APPROACH TO THE 
MEASUREMENT OF VENOUS BLOOD FLOW 


By C. GIANTURCO, M.D.,* and F. R. STEGGERDA. Pnu.D.1 


URBANA, ILLINOIS 


HE measurement of the blood flowing 

through vital organs could furnish im- 
portant clinical information. Unfortu- 
nately, the methods commonly emploved 
to measure blood flow are either not ac- 
curate enough or are too complex for easy 
clinical utilization. The simple approach de- 
scribed below was found accurate in vascu- 
lar models, was used in dogs and, with the 
proper instrumentation, could be applied to 
humans. The method is based on hemody- 
namic effects which can be visualized bv 
the roentgen ravs. 


PROCEDURE 


A catheter 1s introduced counter flow in 
the chosen vein. This catheter has two un- 
equal channels. The smaller channel serves 
to inject a radiopaque medium slowly and 
continuouslv. This smaller channel has a 
side opening 1 cm. from the tip. The larger 
channel serves to withdraw blood at a 
gradually increasing rate by means of a 
manually operated syringe. The catheter is 
large enough to allow the withdrawal of 
blood at the maximum expected rate with- 
out vacuum formation and small enough 
not to obstruct the vein. Figures 1 and 2 
show such a catheter in the inferior vena 
cava of a dog. 


DISCUSSION 


If no blood is withdrawn through the 
larger channel, the radiopaque medium, 
which is injected continuously, is carried 
away bv the blood flowing between the in- 
ner end of the catheter and the walls of the 
vein (Fig. 1). When blood is withdrawn 
through the large channel at a gradually in- 
creasing rate, the flow ot blood between the 
inner end of the catheter and the walls of 
the vein becomes slower and slower. When 





FIG. I. 
heart when no blood is withdrawn through the 
large channel. 


Radiopaque material flushed toward the 


all the blood coming from the periphery is 
sucked into the large channel, the blood 
between the inner end of the catheter and 
the venous walls ceases to flow altogether. 
While this blood slows down and finally 
stops, the contrast medium which is con- 
tinuously discharged into it opacifies it to a 
maximum density. A long opaque bolus be- 
comes visible at fluoroscopy (Fig. 2). At the 
moment this bolus is stationary, and it can 
be kept stationary by stabilizing the rate of 
withdrawal. This is not difficult to do under 
fluoroscopy because if the rate of with- 
drawal becomes excessive the bolus moves 
slowlv backwards and is sucked into the 
catheter, while 1f the rate 1s insufficient the 
bolus moves slowly toward the heart. 


* Department of Radiology, Carle Hospital Clinic, Urbana, Illinois. 
1 Department of Physiology, University of Illinois, Urbana, Illinois. 


ibd] 





Fic. 2. Stationary opacified blood surrounding the 
end of the catheter when all the peripheral blood 
is withdrawn through the large channel. 
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A stationary bolus occurs only when one 
withdraws exactly the amount of blood 
which would have normally flowed through 
the vein. The venous blood flow can thus be 
measured at the extracorporeal end of the 
catheter. 


CONCLUSION 

The method is independent from the 
diameter of the vein and from the speed of 
blood flow and no errors are introduced by 
the catheter or by measuring instruments. 
With proper sterility, the blood withdrawn 
can be reinjected so that no blood loss 1s in- 
volved. 

Electronic instruments, now available, 
should make it possible to emplov this 
method in humans with a minimum of 
manipulation and radiation exposure. 


C. Gianturco, M.D. 
Department of Radiology 
Carle Hospital Clinic 
Urbana, Illinois 
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SEGMENTAL OCCLUSION OF THE MIDDLE 
CEREBRAL ARTERY 


By SANFORD J, LARSON, M.D.,* LEON LOV E, M.D.,t and CHARLES TIMMONS, 


M.D.1 


CHICAGO, ILLINOIS 


RTERIOGRAPHIC studies of pa- 
tients with the stroke svndrome have 
become commonplace, However, most of 
the emphasis has been placed upon occlu- 
sion of the extracranial portions of the 
carotid and vertebral arteries, with rela- 
tively little attention given to intracranial 
obstruction of these vessels and their 
branches. Occlusions of the middle cerebral 
artery, either complete or limited to one of 
its major segments, can be identified with- 
out difhculty on carotid arteriograms. 
Publications concerned with segmental 
occlusion of the middle cerebral artery, 
however, have e appeared infrequently, One 
of the largest series to date is that pre- 
sented by Jacobsen and Skinhgj.? The diag- 
nosis of total or segmental occlusion was 
made by arteriography in 36 of their 
patients. The obstruction was complete 
in 14 cases, limited to the ascending frontal 
artery in 10, and to the sylvian arteries 
in 12. 

The complexity and variabilitv of the 
middle cerebral branches make the posi- 
tive identification of segmental occlusion 
dificult. The pertinent anatomic relations 
and variations have been discussed in other 
publications and. will not be reviewed in 
detail here.55 For roentgenologic pur- 
poses, the middle cerebral arterv has 4 
major named branches distal to the origin 
of the lenticulo-striate arteries: (1) the 
ascending frontal, (2) the posterior Da 
oral, (3) the posterior parietal, and (4) the 
He arteries. The ascending frontal 
artery 1s readily identified in the lateral 
projection since it occupies a relatively 
clear space between the slic artery 
above and the sylvian vessels below (Fig. 
1,1). The anteroposterior projection is less 
helpful, although frequently confirmatory 


* Department of Neurosurgery, Marquette University School of Medicine, ? 


evidence is obtained from these films 
(Fig. 1 5). Occlusion of the svlvian arteries 
can easily be recognized on the lateral pro- 
jection by the characteristic. absence of 
arteries in the per and inferior 
parietal areas (Fig. 24). Roentgenograms 
in the anteroposterior projection also pro- 
vide intor mation of diagnostic value, since 
with occlusion of the svlvian arteries a 
characteristic avascular zone is present in 
the interior temporal region (Fig. 28). On 
occasion, this may be sufficiently ‘marked to 
mimic the appearance of a space occupy ing 
lesion inferiorly situated in the middle 
cranial fossa. The other major named 
middle cerebral branches are frequently 
dithcult to distinguish with assurance and 
overlap considerably. We h rave, therefore, 
not attempted to distinguish occlusion of 
the individual arteries distal to the origin of 
the ascending frontal ar tery, but have con- 
sidered these as a unit which we shall call 
the svlvian arteries. This division of the 
middle cerebral artery into the ascending 
frontal and sylvian group 1s adopted solely 

tor the purpose of convenience. While inde- 
tensible on anatomic grounds, it does per- 

mit the sure recognition of segmental 
arterial occlusion. within the middle cere- 

bral group. İt is tempting to extend the 
observations to include individual arteries 

and it may be entirelv feasible to do so; 
however, in our opinion, the vari: ibility in 
course d distribution of the vessels 
involved is too great to permit anu nequiv- 

ocal diagnosis, 

We have observed segmental occlusion 
of the middle cerebral artery on the arteri- 
ograms of 42 patients with histories and 
neurologic findings compatible with a 
diagnosis of stroke; serial arteriograms 
were done in 22 of dee cases. The ascending 
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frontal artery was involved in 14 patients 
and the sylvian group in 27. Roentgeno- 
graphic features characteristic. of these 
occlusions have already been mentioned. 
The diagnosis can be made from single 









Fic. 1. (4) Occlusion of ascending frontal artery Fic. 2. (4) Occlusions of sylvian arteries. The 
ascending frontal artery is well demonstrated. ( 5) 


and kinking of internal carotid artery (lower 
Anteroposterior projection. Double arrows indi- 


arrow), with avascular zone in region of insula and 


frontal operculum. Upper arrow indicates stenosis 
of pericallosal artery. (B) Anteroposterior projec- 
tion. Only the arteries in the sylvian fissure are 
demonstrated, with absence of vessels ascending 
on the insula. 


cate division of middle cerebral into ascending 
frontal and sylvian arteries. On the opposite side, 
the single arrow indicates obstruction of sylvian 
arteries, with filling only of the ascending frontal 


artery. 
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exposure arteriograms but becomes more 
certain when seriographic methods are 
employed, since the demonstration of retro- 
grade filling of the proximally occluded 
segments from the anterior and posterior 
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Frc. 3. (4) Patient with convulsions and focal ab- 
normality on electroencephalogram. Arrows point 
to narrowed areas in left internal carotid artery. 
(B) Anteroposterior projection. The internal 
carotid artery is narrowed at arrow. Both anterior 
cerebral arteries are filled from the right side. 
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(C) Same patient readmitted several weeks 


BIG; 5. 
later with incomplete expressive aphasia and mild 
hemiparesis. The sylvian arteries did not fill with 
contrast medium. (D) Anteroposterior projection. 
Avescular zone at arrow. 


cerebral zrteries establishes the diagnosis 
unequivocally. Therefore, only those 22 
patients 11 whom serial arteriography was 
carried out will be considered. 

The neurologic abnormalities observed in 
these patients ranged from minimal weak- 
ness and mild mental aberration to hemi- 


2 
L2 
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FIG. 3. 


(E) Right carotid arteriogram, late arterial 
phase. Retrograde filling of occluded segments 
from anterior cerebral artery (arrows). (F) Antero- 
posterior projection, late arterial phase. The pa- 
tient improved rapidly, and after 1 week the only 
finding was minimal expressive aphasia. 


plegia, aphasia, and coma. An exhaustive 
correlation between the arteriographic and 
clinical findings would not be valid since 
the neurologic examinations were per- 
formed by several different examiners. 
Nevertheless, the available data did per- 
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mit a division of the patients into 3 groups: 


those with severe, moderately severe, and 
mild neurologic deficits. Hemiplegia, 
marked aphasia and persistent altera- 


tions of consciousness or affect were con- 


Fic. 4. (4) Occlusion of ascending frontal artery 
and stenosis of internal carotid artery (arrow). 
Patient had a mild hemiparesis. (B) Anteroposte- 
rior projection. 
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Fic. s. (4) Occlusion of ascending frontal artery 


liG. 4. (C) Same arteriogram, late arterial phase. and stenosis of the internal carotid artery. Patient 
Arrows point to retrograde filling of proximally had a severe hemiparesis. Lateral study shows a 
occluded vessels. (D) Anteroposterior study, late bare area in the region of the ascending occluded 
arterial phase. frontal artery (arrow). (B) Anteroposterior projec- 


tion reveals the stenosis of the internal carotid 
artery near the bifurcation (arrow). 


to 
to 


sidered to be severe neuorlogic deficits, 
patients with hemiparesis or incomplete 
aphasia were considered to have moder- 
ately severe disability, and those with 
minimal aphasia, slight changes in affect or 
behavior or barely detectable weakness 
were placed in the category of mild neuro- 
logic deficit. Of these 22 patients, the neuro- 
logic disability was severe in 10, moderate 
in 7 and mild in 5, Retrograde filling of the 
proximally occluded segments was demon- 
strated arteriographically in 17 patients 
(Fig. 3, 4-F; and Fig. 4, .7-D), the neuro- 
logic deficits being severe in 6 patients, 
moderate in 6 and mild in 5, with 4 of the 6 
patients in the severe category having a 
history of previous stroke with marked 
residual i impairment, Retrograde filling was 
not observed in 4 patients; the neurologic 
deficits were mild in 4 and moderate in 1, 
and none of these had a history sug- 
gestive of previous stroke. 

Abnormalities of the extracrantal por- 
tion of the carotid arteries were observed 
in g patients. Stenosis of the internal carot- 
id near the bifurcation was found in 6 
patients (Fig. 5, 7 bas B), and kinking of 
the carotid artery | (Fig. / and B). 
Associated det of T anterior 


and posterior cerebral arteries suggestive of 


arteriosclerotic changes were not uncom- 
mon. 


DISCUSSION 


These findings indicate that segmental 
occlusion of the middle cerebral artery can 
be demonstrated arteriographically in 
many patients with the stroke syndrome. 
In some cases, the segmental occlusions are 
present in association with occlusive 
changes 1n other arteries, both intracranial 
and extracranial. In these circumstances, 
it is difficult to determine which lesion is 
responsible for the clinical picture. The 
issue is further complicated by the demon- 
stration of retrograde filling of the occluded 
branches from the anterior and posterior 
cerebral arteries. The data suggest that the 
patients with demonstrable collateral cir- 
culation had less severe neurologic deficits 
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than those without arteriographically ap- 


parent collateral filling. The pial arterial 
anastomoses responsible for retrograde 
Alling are small and mav not. be able to 
immediately provide a sufficient rate of 
How to maintain the affected neural struc- 
tures. Enlargement of the anastomoses may 
occur with time, but not early enough to 
affect the issue. However, with a slowly 
progressive occlusion, the collateral path- 
ways May open up suthciently to prevent 


the development of a severe neurologic 
deficit. This mechanism mav account for 


the mild neurologic abnormalities observed 
in many of our patients with segmental 
occlusion and good retrograde filling. 

The effectiveness of retrograde filling of 
proximally occluded arteries is suggested 
but not proved by these observations, and 
should be considered in an evaluation of a 
stroke patient. Similarly, the association of 
extracranial abnormalities of the carotid 
artery with segmental occlusion of the 
middle cerebral artery should not be dis- 
counted. Although the problem of stroke ts 
complex and has many variables, the 
omission of complete arteriography does 
not appear to be a desirable simplification, 
for although it does not give a al ee 
picture of the cerebral blood supply, 
provides valuable information which can- 
not be obtained bv other means. The 
employment of special methods, such as 
subtraction, might improve the effective- 
ness of ar U | in the portraval of the 
cerebral vasculature. These findings indi- 
cate the importance of a thorough arteri- 
ographic evaluation prior to the selection, 
and evaluation of active therapeutic meas- 
ures for the stroke patient. 


SUMMARY 


Forty-two cases of segmental occlu- 
sion of the middle cerebral artery were 
observed. 

The major divisions of the middle 
cerebral artery are recognized as the 
ascending frontal group and the sylvian 
group. 

v Twenty-two cases were studied by 
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VINYLITE CAST PREPARATIONS OF 
VARIOUS NORMAL ORGANS 


By B. MERINGOFF and F. 


MIAMI, 


EDICINE is constantly developing 

new methods by which to increase 
the knowledge of normal and pathologic 
anatomy. In recent years, one such method 
has been the plastic injection of blood ves- 
sels and cavities of the various organs of 
the body. 

The first recorded attempt of an injec- 
tion of any vessels was by Swammerdam in 
1672.’ He injected the coronary arteries 
with hot wax stained with cinnabar. Since 
then a wide range of materials from dves 
such as Prussian blue in aqueous solution? 
to injection masses such as plaster of Paris! 
have been tried without much success. 

In 1907 Spalteholz and Hirsch? used 
chrome vellow gelatin for injection of the 
coronary arteries, fixed the specimen in 10 
per cent formaldehyde and bleached it 
with hydrogen peroxide. They then washed 

the specimen in water, dehvdrated it with 
alcohol, placed it first in benzene and then 
in a mixture of wintergreen and benzyl 
benzoate, and finally into a special tank to 
remove all of the air and benzene. Remain- 
ing was an opaque svstem of vessels with a 
clear semitransparent heart wall. This 
method was one of the milestones in plastic 
work and provided much of the early in- 


formation concerning the coronarv artery 
circulation. However, since the clearing 


process was slow and incomplete, this 
technique was considered undesirable for 
future work. 

The most recent and important work is 
the method of plastic injection followed by 
maceration or corrosion with acid or alkali 
of the specimen. Some of the most notable 
contributions along this line have been 
made by Whitten,? using celloidin, Smith 
and Henry,’ using latex, and W acier and 
Poindexter,? using nylon for injection. 
However, the disadvantage of these sub- 
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stances is that the specimens must be kept 
in fluid or they will crumble or otherwise 
lose their shape. 

Stern, Ranzenhoter and Liebow® and 
Kazzaz and Shanklin’ have used vinylite for 
the demonstration of the coronary vessels. 
This material is advantageous in that, if 
properly used, it will outline the injected 
vessels and their relationships to one 
another, and other structures will be main- 
tained. without support. The method pre- 
sented here utilizes vinylite as the injection 
material. The technique of Liebow and 
kazzaz with certain modifications was em- 
ployed. In addition, a new material, epoxy 
resin, was evaluated and compared with 
vinvlite. 

lt was decided to inject the arteries, 
deep veins, and ventricles of normal human 
brains with red, blue, and vellow plastic 
material, respectively. After hardening, the 
brain tissue was digested away with acid or 
alkali, leaving a three dimensional model of 
the injected structures. At the beginning, 
we were only interested in demonstrating 
the relationships of the arteries and veins 
to the ventricular system; however, after 
initial success with the brain injection, this 
technique was applied to other organs such 
as the kidney (arteries and collecting svs- 
tem), the liver (arteries, portal and hepatic 
VERDE: and biliary tree), and the lung (ar- 
teries, veins, and bronchial tree). 


MATERIAL 


i, 250 ml. Ehrlenmeyer flasks 

No. 18 intracatheter needles with 
plastic covering for the points 

1,000 ml. and 100 ml. graduate cylin- 
ders 

4. Large and small glass funnels 

"Vim" plastic, 20 ml. svringes 

6. Wax paper to work on 


p3 
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Vinaseal, VYHH, from Associated 

Plastics, Hialeah, Florida. Epoxy res- 

in and hardener No. 4-2-1 from Resin 

Coating Corporation, Miami, Florida 

8. Yellow, blue and red dye (Harmon 
dyes from Allied Chemical Corpora- 
tion, Hawthorne, New Jersey) 

9. oo silk suture material 

ro. Waring blender 

|I. Acetone 

12. Normal saline 

13. 20 per cent muriatic acid 

t4. Valspar clear varnish 


~J 


METHODS 


Two methods were attempted and varied 
only as to the plastic material used. The 
brains (Fig. 1, 4 and B) were obtained 
from patients who died from non-neurologic 
disorders. All the brains were removed care- 
fully so as not to lacerate them anywhere. 
One important criterion was that the brain 
be fresh and not fixed. Into each ot the 4 
main arteries of the brain (the 2 internal 
carotid and the 2 vertebral arteries) No. 18 
intracatheter needles were placed with 
plastic coverings on the pointed ends. These 
were tied in place securely with oo silk. 
(Previouslv, the intracatheters themselves 
were tried, and not the needles, but these 
proved to be too narrow to allow free flow of 
the viscous plastic into the vessels.) At the 
same time another No. 18 needle was placed 
into the straight sinus and tied in place also 
with oo silk. Through these needles normal 
saline was injected in amounts necessary to 
flush out the arterial and venous trees 
(measured by a lack of color to the vessels 
on the surface of the brain). First the arter- 
ies and then the veins were flushed, using a 
20 ml. Vim plastic syringe. At this point, 
the brain was ready to be injected. The se- 
quence of injection was arteries first, veins 
second, and ventricles third through a ven- 
tricular tap. The plastics used were viscous 
enough to penetrate to the arterioles and 
not through to the capillaries. 

A. In the first method we used vinaseal, 
VYHH (vinylite), a poly-vinyl plastic 


resin that is in powder form. This was 


Vinylite Cast Preparations 





(4) Basal view of ventricles and cerebral 
arteries: a—fourth ventricle; b—temporal horn; 
c—middle cerebral artery; d—anterior cerebral 
artery. (B) Lateral view of ventricles and cerebral 
arteries: a—middle cerebral artery; b—anterior 
cerebral artery; c—basilar artery. 


FIG. r. 


mixed with acetone in a Waring blender 
(hard to dissolve otherwise) at room tem- 
perature, in empirical amounts, to produce 
a solution with a viscosity slightly greater 
than water. It is imperative that the blen- 
der be cleaned immediately with acetone or 
the plastic will be extremely hard to remove 
later. This material may be stored in a 
closed bottle for long periods of time with- 
out hardening, because hardening only oc- 
curs with evaporation of the acetone. How- 
ever, once the injection of the brain is be- 
gun, it must be completed within 10 to 15 
minutes or the material will harden in the 
vessels and in the syringes. 

The arteries were injected first and tied 
oft above the level of the needle to present 
reflux. Next, the brain was turned onto its 
ventral surface and the veins were injected 





Fic. 2. Specimen mounted in case. 


through the straight sinus and tied otf again 
above the needle. A ventricular tap was 
done next, bilaterally, into the lateral ven- 
tricles through the dorsal aspect of the 
hemispheres and the plastic was injected 
until ıt was seen to emerge through the 
foramen of Magendie. The actual solutions 
for injection were made bv dividing the 
total solution described above into 3 sepa- 
rate flasks and adding the respective dve to 
each flask and mixing well. It is best to 
leave otf only the top of the flask of the 
plastic presently being used so as to prevent 
drying out in the other flasks. 

After injection, the brain was placed in a 
large basin of water overnight to allow the 
vinaseal to harden without distortion of the 
brain substance that would occur if it were 
left to harden on a table. The next morning 
the brain was placed in 20 per cent muriatic 
acid and allowed to digest for a few 
days.^?^? The model thus formed held its 
shape very well, demonstrating the 3 
dimensional relationships of the arteries 
and ventricles (Fig. 1, Æ and B). The model 
was then removed from the acid and placed 
in water to rinse it thoroughly. A suture was 
tied around the infundibular stalk and the 
model was removed from the water by this 
thread. It was allowed to dry in air for 1 to 
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2 hours and then sprayed with 2 coats of 
clear varnish (Valspar) in order to increase 
its hardness, and allowed to dry overnight. 

The following procedure was used to 
mount the completed specimen: Sutures 
were placed around both internal carotid 
arteries and the basilar artery. In addition, 
sutures were placed through the frontal 
and occipital horns of both ventricles. 
These sutures were in turn tied to glass 
rods glued into a plywood base and the 
brain was thus suspended. A plastic cover 
Was placed over it. 

The container was made by bending 4 
glass rods to assume a U shape. Eight holes 
were drilled in a plywood (2 inch thick) 
board to accommodate the bent glass. The 
glass rods were then glued into the holes 
and the sutures from the model were tied 
around them (Fig. 2). 

B. The second method is similar to that 
described above tor the epoxy resin except 
tor the preparation of the plastic, the hard- 
ening and digestion of the brain and the 
fact that all the work must be done on wax 
paper. The epoxy resin was mixed with its 
hardener in a ratio of 4 parts resin to I part 
hardener, each measured in a graduated 
cvlinder. This is necessary if good results 
are to be obtained. Once the two are mixed, 
the injection must be completed within 15 
minutes or the material will harden in the 
syringe. The rest of the procedure was the 
same as in the vinaseal method until the 
digestion. After the injection of the epoxy 
resin, the brain was placed in the watertight 
plastic bag and a tube was tied in place at 
the mouth of the bag, allowing tree ex- 
change of air between the bag and atmos- 
phere. This was then floated in a large 
basin of water to prevent deformity of the 
brain. The reason for doing this 1s that the 
epoxy, unlike the vinaseal, will not harden 
in water, but rather needs air in order to 
harden. It was left like this for 10 days to 
harden and then the brain itself was placed 
in a basin of water for 2 to 3 weeks for 
maceration of the brain substance. The 
epoxy is soluble, as is the vinaseal, in ace- 
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tone and therefore copious amounts should 
be on hand to clean up any spillage. 

In addition, adult lungs (Fig. 3, .7 and 
B) and infant lungs (Fig. 4, .7 and B) (un- 
expanded bronchial svstem, arteries and 
veins); kidneys (Fig. 5, 7 and B) (collect- 
ing svstem and arterial tree); and liver 
(Fig. 6, £ and B) (hepatic vein and artery, 
biliary tree and portal vein) were injected 
in a similar manner using only the vinaseal 
method. The models thus produced held 
their shape very well. The material pene- 
trated to the terminal arterioles, venules, 
bronchioles, alveoli, and biliary radicles. 





lic. 3. (4) Medial view of arteries, veins, and 
bronchial tree of adult lung: a—pulmonary artery; 
b—pulmonary vein; c—main stem bronchus. (B) 
Lateral view of adult lung. 
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lic. 4. (4) Medial view of arteries, veins, and 
bronchial tree of infant lung: a—pulmonary 
artery; b—pulmonary vein; c—main stem bron- 
chus. (B) Lateral view of infant lung. 


For selective evaluation of just one of these 
systems In any organ, an injection of only 
that system can be made, leaving the other 
channels uninjected. 
RESULTS 

Using both methods, the arteries were 
injected to their terminal arterioles. How- 
ever, in the epoxy-injected brain, these ves- 
sels did not retain their anatomic relation- 
ship to one another due to collapse. For 
demonstration, thev were placed flat on a 
white cardboard and labeled. Arteries were 
much firmer and easier to work with when 
injected with the polyvinyl plastic. The ar- 
teries thus injected held their normal ana- 
tomic shape very well. The ventricles also 
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Fic. 5. (4) Anterior view of arteries and collecting system of adult kidney: a—renal artery; b—ureter. 








(B) Posterior view of adult kidney: a—renal artery; b—ureter. 


held their shape well with the vinaseal, but 
did not visualize at all with the epoxy. The 
deep venous system did not visualize with 
either method due to poor removal of the 
dura. In all the other organs, the injected 
material held its shape well with the 
vinaseal. 


SUMMARY AND CONCLUSION 


Our initial interest in proceeding with this 
project was to make some 3 dimensional 
models of the brain showing the relation- 
ships of the arteries, veins, and ventricular 
system to use as a teaching aid in neuro- 
radiology. We had hoped also to inject the 
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Itc. 6. (4) Posterior view of hepatic artery and vein, 
portal vein, and biliary tree: a—hepatic vein; 
b—hepatic artery; c—bile duct; d—portal vein. 

olf ee nun Y (B) Anterior view of liver. 
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subarachnoid cisterns but could not get per- 
mission to inject this area because the injec- 
tion had to be carried out before the brain 
was removed from the bodv and, therefore, 
there might be leakage into the face with 
subsequent discoloration. 

After our initial success with the injec- 
tion of arteries, veins and ventricles of 
brains, we tried to find an injection ma- 
terial that would be so rigid after injection 
that 3 dimensional relationships would be 
maintained. We evaluated epoxy resin and 
found it inferior to vinaseal. 

We then extended our project to include 
various other organs. Liver, kidnevs, and 
lungs proved easier to work with than 
brains and the specimens were excellent. 

We plan to extend our project to the 
study of collateral circulation pathways in 
intracerebral thrombosis and vascular pat- 
terns in malignant brain tumors. The 
method can easily be adapted to the study 
of altered architecture in other organs with 
various pathologic conditions. 

F. Gargano, M.D. 

University of Miami Medical School 
Jackson Memorial Hospital 

Miami, Florida 


We would like to thank Jeffrey Topf, who 
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the Pathology Department at Jackson Me- 
morial Hospital, especially to Dr. Louis Richer 
and Dr. Max Millard for their cooperation in 
supplying the organs for injection. 


REFERENCES 


Len! 


. Expos, J. Eine Methode zur Injektion der 
Blutgefásse mit kalt flüssiger Mass, Anat. 
Anz., 1888, 3, 261, 

Hinman, F., Morison, D. M., and Lee-Brown, 
R. K. Methods of demonstrating circulation in 
general. 7..1.M.4., 1923, 87, 177-184. 

. Kazzaz, D., and SHankus, W. M, Coronary 
vessels of dog demonstrated by colored plastic 
(vinyl acetate) injections and corrosion. Anat. 
ieee 1950, 707, 43-59. 

4. SMITH, J. R., and Henry, M. J. Demonstration 
of coronary arterial system with neoprene 
latex. 7. Lab. & Clin. Med., 1945, 30, 462-466. 

. SPALTEHOLZ, W., and Hinscu, C. Method of 
clearing specimens. Deutsche med. Wehnschr., 
1907, 7, 790. 

6. STERN, H., Ranzenuorer, E. H., and Lizsow, 

A. A. Preparation of vinylite casts of coronary 

vessels and cardiac chambers. Lad. Invest. 


13 


C 


ia 


7. Unna, P. Untersuchungen über die Lymph- und 
Blutgefasse der äusseren Haut mit besonderer 
Berücksichtigung der Haarfollikel. Arch. f. 


micr. Anat., 3908, 72, 161. 

8. WAGNER, A., and Potnpextrer, C. A. Demon. 
stration of coronary arteries with nylon. £m. 
Heart J., 1949, 37, 258-266. 

9. Wrirres, M. B. Review of technical methods of 
demonstrating circulation of heart. Arch. Int 
Med., 1928, 42, 846-864. 





May, 1969 


DARKROOM PRACTICE AND UNNECESSARY 
PATIENT EXPOSURE* 


By RUSSELL H. MORGAN and HOWARD E, CHANEY 


BALTIMORE, 


T IS well known that darkroom practice 

has a substantial influence on the expo- 
sure required to produce a roentgenogram 
whose densities fall within the useful range 
of film blackening. If development time is 
too short, developer temperature too low, 
or if the strength of the developer is al- 
lowed to become depleted, more exposure is 
required than when proper darkroom tech- 
niques are employed. Since this added 
exposure falls within the realm of unneces- 
sarv patient exposure, radiologists must be 
concerned with it. Indeed, the need for 
concern is doubly great because the same 
darkroom practices which create unneces- 
sary patient exposure also produce deg- 
radation in the contrast and informational 
content of films. 

In an effort to determine the extent to 
which darkroom practice is currently lead- 
ing to excessive patient exposure, a study 
of the roentgenographic darkrooms cur- 
rently operated by physicians and by 
hospitals within the city of Baltimore has 
been undertaken. Test films were given a 
series of graded exposures and submitted to 
the several darkrooms with the request 
that they be processed in a manner consis- 
tent with normal darkroom technique. 
After processing, the films were examined 
densitometrically and the exposures in 
milliroentgens required to produce a film 
density of 1.0 above fog (the mid-point in 
the useful range of film blackening) were 
determined. The values 
then compared with the exposures needed 
to produce in these films a similar density 
under optimum darkroom conditions. 


DARKROOM SELECTIONS 


The darkrooms selected for this study 
were those maintained in hospitals and in 
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Fasie I 
CLASSIFICATION OF DARKROOMS STUDIED 


No. Studied 


Radiologists’ Othces j2 
Other Physicians’ Offices 1s 
Hospitals: (a) Hand-operated oe 

(b} Automatic 12 
All Classes 49 


physicians’ offices which contained diag- 
nostic apparatus registered with the Mary- 
land Department of Health. Since the num- 
ber of darkrooms located within the 
corporate limits of Baltimore was sub- 
stantial, no darkrooms in the metropolitan 
area bevond these limits were studied. 
Also, not included were those darkrooms 
for which Health Department records indi- 
cated a weekly case load of 10 patients or 
less; these were considered to have an 
insufficient impact on the problem of un- 
necessary patient exposure to merit study. 
Several other darkrooms were also excluded 
because thev had not been registered with 
the Health Department at the time of the 
study. However, the number of these was 
small. 

In all, 49 darkrooms were studied. These 
included 19 darkrooms in 12 general hospi- 
tals, 12 darkrooms in radiologists’ offices, 
and 18 darkrooms in the offices of other 
physicians (Table 1). Of the hospital in- 
stallations, 12 were of the automatic proc- 
essing tvpe, whereas 7 emploved so-called 
hand processing methods. All of the physi- 
cian installations, both radiologist and 
non-radiologist, were of the hand operated 
variety. The cooperation provided by both 
hospitals and physicians in this study was 
excellent. In only one instance was there 


* From the Department of Radiological Science, The Johns Hopkins University and the Department of Health, State of Maryland, 
The work described in this paper was supported in part by U. S. Public Health Service Contract SAph 76496. 


nan 


ves 


reticence on the part of a hospital to 


participate. 


EXPERIMENTAL PROCEDURE 
AND RESULTS 


Fight by ten inch sheets of a widely used 
brand of radiographic film (DuPont Cro- 
nex I) were 
graded exposures with radiation having a 
half value laver of 2 mm. Al. In all cases, 
exposures were made with intensifving 
screens (DuPont Par Speed) and with an 
exposure time of o.1 sec. Radiation was 
provided bv a constant potential x-ray 
generator whose beam intensity was main- 


tained well within + 1 per cent of a preset 
level. Exposure values were varied by 


changes in the distance between film and 
x-rav tube target in accordance with the 
inverse square law after appropriate cor- 
rection for air attenuation. 

After exposure, the films were processed 
through the several darkrooms included in 
the study. In this phase of the work, every 
effort was made to ensure that the film 
development procedures used by each dark- 
room followed as closely as possible the 
techniques conventionally employed. Often, 
a darkroom operator was unaware that a 
test film was included among the films 
being developed. 

After processing, the films were exa- 
mined densitometrically and the exposures 





each subjected to a series of 
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ABLE H 
DISTRIBUTION OF DARKROOMS CLASSIFIED ACCORDING TO EXPOSURE 
REQUIRED TO PRODUCE DENSITY OF I.O IN TEST FILMS 
Exposure 
p , (mr) 
Class of | 
Darkroom 
| i [29 i. A Re M09 oe 2.47 2.6- 2.89. 3.0- 
PE r^ [n oO aie 2d 1. RA. 3.0 $22 
Radiologists’ Othces 4 4 3 | 2 o O | o © 
Other Physicians’ Offices E 4 2 | C 1 C © 
Hospitals: 
(a) Hand-operated B 2 2 O j C O o O O 
(b) Automatic i $ i i Oo i I D o j 
All Classes i4 15 S : f 1 > o f 


required to produce a radiographie density 
of 1.0 above fog were determined. 

Exposure v alues ranged from 1.25 to 3.20 
mr. Table im gives the distribution in the 
number ot darkrooms, classified according 
to test film exposure value. 

Table ui lists the average exposure levels, 
in. milliroentgens, required to produce a 
flm density of 1.0 for each of the types of 
darkroom studied. It will be observed that 
the average exposure ranged from 1.55 mr 
tor hand-operated hospital darkrooms to 
1.75 for automatic hospital darkrooms. 

Darkroom pertormance was also meas- 
ured in terms of the densitv versus log 
exposure gradient observed at a density of 
1.0 1n the test films. Since the informational 
content of a radiographic film is a function 
of this gradient, these measurements pro- 


Tage HT 


AVERAGE EXPOSURE REQUIRED TO PRODUCE 
DENSETY OF 1,0 IN TEST FILMS 


Average 
Class of Darkroom Exposure 
(mr) 


Radiologists’ Offices 


1.00 

Other Physicians’ Offices 1.70 
Hospitals: (a) Hand-operated CT. 
(b! Automatic Nes 

All Classes 1.65 
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Taste IV 
DISTRIBUTION OF DARKROOMS CLASSIFIED ACCORDING TO DENSITY 
VERSUS LOG EXPOSURE GRADIENT OF TEST FILMS 
Density V ersus Log popes Gradient (contrast factor) 
Class of Darkroom Sacer ai EHE alee ea ea aaa 
Wi’ 7.36 Eig 2] Toe ai=  2.3- 2.99. 2.7- 
1.5 DL h I2 ae | gu 26 20 2.9 
Radiologists’ Offices © o 1 O I 3 2 4 I 
Other Physicians’ Offices 1 1 O 2 2 1 5 ý 1 
Hospitals: (a) Hand-operated O Q O o 2 2 1 4 o 
(b) Automatic o © © o I 2 2 5 I 
All Classes I 1 I 2 6 9 IO 16 3 





vided an estimate of the quality of the films 
that may be expected from the darkrooms 
in question. Table 1v gives the distribution 
of the several darkrooms classified accord- 
ing to the observed values of this gradient. 
Table v lists average values of the gradient 
as well as average values of the background 
fog density observed. 


DISCUSSION 


The data presented in the foregoing 
tables are of interest from several points of 
view. With reference to Tables n and m, it 
will be noted that on average the perform- 
ance characteristics of the several classes 


of darkrooms studied are quite similar. The 
best performance occurred in hospital 


darkrooms with hand-operated equipment 
where the test films required an average 
exposure of 1.55 mr to vield a film density 
of 1.0. Close behind were the darkrooms in 
radiologists’ offices, followed by the dark- 


Fage V 


AVERAGE D-LOG E GRADIENT AND BACK GROUND 
FOG DENSITY OF TEST FILMS 





| D-log E Fog 

Class of Darkroom "M OM Se 
Gradient Density 

Radiologists’ Offices 2 O.IO 

Other Physicians’ Offices 2.2 O.10 

Hospitals: (a) Hand-operated 2.5 Oil 

(b) Automatic 2.4 0.09 

All Classes 25 0.10 





rooms of the offices of other physicians and 
the automatic darkrooms of hospitals. The 
similarity in darkroom characteristics from 
class to class is noteworthy in view of the 
rather wide spread observed in the ex- 
posure values of individual darkrooms. 

A note is perhaps in order concerning the 
relatively poor performance of the auto- 
matic processing equipment. This finding is 
possibly more apparent than real. It is well 
known that in darkrooms equipped with 
hand-operated apparatus, films are fre- 
quently inspected during processing. If the 
film has been overexposed, its development 
time is shortened in order that the included 
densities may fall within the useful range of 
film blackening; that is, films may be proc- 
essed for shorter times than that recom- 


mended. Darkroom technicians in this 
study, on the other hand, generally de- 


veloped the test films without inspection 
and for recommended processing times. 
Hence, the exposure values shown in Table 
ui for hand-operated equipment are pos- 
sibly lower than those which prevail in 
practice. It also should be pointed out that 
the performance rating for automatic dark- 
room equipment shown in Table iis by no 
means an inherent characteristic of such 
apparatus. Indeed, one may operate auto- 
matic equipment to vield results which 
range from little to almost complete devel- 
opment of the film. 
It is of interest to report that when the 
test films used in this study are fully de- 
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veloped, an exposure of only 1.0 mr is 
required to produce a radiographic density 
of 1.0 above fog. Hence, from the data 
shown in Tables n and ni, it appears that 
on average, approximately 62 per cent more 
radiation than necessarv 1s being currently 
used in the city of Baltimore for the pro- 
duction of diagnostic roentgenograms be- 
cause of incomplete film processing; 7.e., if 
all films were developed to completion or 
reasonablv close to this point, patients 
would be exposed to onlv three-fifths of the 
radiation. presently emplov ed. There are 
some who perhaps may argue that the 
processing of roentgenographic hlms to 
completion is impractical. Under such cir- 
cumstances, a darkroom technician has no 
opportunity to compensate for accidentally 
underexposed films bv means of overdevel- 
opment. Also, some may express concern 
lest complete development introduce ex- 
cessive amounts of background fog. The 
first argument has little or no substance. It 
has been estimated by film suppliers that 
75 per cent of the film exposed in Baltimore 
is currently processed through automatic 
development apparatus. Under such cir- 


cumstances, an operator has no chance of 


correcting errors of exposure with altera- 
tiens in darkroom technique. As for exces- 
sive fog densitv, observations indicate that 
this need not be a serious problem. Table 
vi lists the fog densities observed in the 
test films of this project, tabulated accord- 
ing to the corresponding exposure values 
required to produce a film density of 1.0 
above fog. It is evident that these densities 
increased onlv slightlv as an exposure value 
of I.c mr was approached. A greater in- 


crease might have been noted, of course, if 


the test films had not been reasonably 
fresh. However, the use of anvthing but 
fresh film is undesirable on manv counts. 
Hence, there is little question that every 
effort should be made bv radiologists and 
other physicians to alter their darkroom 
practices so that more complete develop- 
ment of films is attained. By this step, a 
substantial reduction in unnecessary ex- 
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Tage VI 
FOG DENSITIES OBSERVED IN TEST FILMS* 
Average Fog Density Exposare (mr) 


O.107 Logd. 
O.104 I4 .b 
0.096 1.02.8 
O.04 1:992.0 
O.089 20v 


* Tabulated according to corresponding exposure values re- 
quired to produce film density of 1.0 above fog. Decreasing expo- 
sure values are indicative of increasing levels of £m development, 


posure of patients may be achieved. 

The benefits of improved darkroom prac- 
tice are by no means limited to reduced 
patient exposure. Measurements of the 
density versus log exposure gradient of the 
test films used in this study indicate that 
when these films are processed to comple- 
tion, the resulting gradient approaches a 
value of 2.9. Such a value represents a 
substantial improvement over those cur- 
rently prevailing in non-radiologists’ offices 
and a not inconsiderable improvement over 
the values obtained in many installations 


under radiologist control (see Tables iv 
and v). 
T E should be oD asized th at the dara 


aay SEE of e E one practices ii 
one large Eastern citv of the United States. 
However, there is little reason to believe 
that the Baltimore experience may be 
widely different from that observed else- 
where. Hence, increased attention toward 
the improvement of darkroom practice 
seems in order. Certainly, the darkroom is 
one place where tech dues mav be altered 
to reduce patient exposure. 


SUMMARY 


A study of the practices of 49 darkrooms 
associated with hospitals and physicians’ 
ofhces in the citv of Baltimore has been 
undertaken to determine the extent to 
which these practices contribute to un- 
necessary patient exposure. The darkrooms 
studied included 12 1n radiologists’ offices, 
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18 in the ofhces of other physicians and 19 
in general hospitals. Of the latter, 7 used 
hand-operated equipment, whereas 12 em- 
ploved so-called automatic processing ap- 
paratus. The performance characteristics of 
all classes of darkroom, on average, were 
similar. From knowledge of the exposure 
characteristics of the test films when de- 
veloped to completion, it is estimated that 
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improvements in darkroom technique could 
reduce patient exposure by approximately 
40 per cent. The diagnostic quality of the 
processed films also would be bettered by 
these changes. 


Russell H. Morgan, M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore s, Maryland 
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American College of Radiology: Charles G. Stetson. 

Forty-seventh Annual Meeting: Roosevelt Hotel, 
New Orleans, La., April 8-10, 1965. 
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THE CARDIOVASCULAR RADIOLOGIST 


Ot THE various methods available for 

the diagnosis of congenital cardiac mal- 
formations in infancy and childhood, angio- 
cardiography has assumed a prominent 
role. Cardiac catheterization, in its classic 
form, consisted of exploring every com- 
partment within the heart with a “physio- 
logic" catheter. After several hours the re- 
sult was a weary patient and yards of rec- 
ords with a myriad of curves, oscillations, 
and wiggly lines. In the final analysis, an 
anatomic diagnosis was constructed using 
physiologic bricks. 

With the deve lopment of rapid filming 
techniques and the use of safe contrast ma- 
terial, an entirely new dimension was 
added. Despite the obvious advantages 
and the wide acceptance of angiocardi- 
ography, there is still a tendency to tollow 
the classic physiologic approach and then 
add angiocardiography to the procedure 
just to be certain that the physiologically 
constructed anatomy is, in fact, present. 

Practically all congenital cardiac mal- 
formations are gross enough to allow pre- 
cise visualization by angiocardiography. 
The congenital heart in this respect is no 
different than anv other organ in the body 
which is grossly altered by congenital mal- 
formation. Who would consider, for ex- 
ample, attempting to diagnose a congenital 
anomaly of the urinary tract by physio- 
logic methods? Is it not reasonable to re- 
verse the classic diagnostic approach and 
attempt to shorten the duration of the en- 
tire procedure by performing the angio- 
cardiographv at the outset? It seems logical 
to secure the anatomic diagnosis initially 
and then selectively obtain those physio- 
logic studies which will point up specifically 
the nature and the degree of hemodynamic 


alteration resulting from the known mal- 
formation. 
oe a strictly fi s of view, 


Dee in ihe face of a educi 
demonstrated malformation. Nadas,' for 
instance, expresses the opinion that "per- 
haps the most important, and in many ways 
the most accurate information obtained by 
the cardiac catheterization procedu ires 18 
the measurement of pressures." These 
measurements are probably best obtained 
prior to the final placement of the catheter 
for the angiocardiographic studies since 
the contrast material may alter intra- 
cardiac pressures. In selected cases, some 
method mav be required to determine the 
ratio of svstemic to pulmonary flow. 

This viewpoint implies that there 1s an 
anatomic or diagnostic phase and a physi- 
ologic or evaluative phase to the procedure. 
Another implication is that the diagnostic 
phase of the procedure ideally belongs in 
the hands of the cardiov ascular radiologist. 
As Taveras? so aptly states "when faults of 
technique are committed bv someone else, 
misinterpretation often follows. The head 
must alwavs know what the hands have 
done." 

If the pediatric cardiologist approaches 
the angiocardiographic phase of the pro- 
cedure with the same understanding of 
roentgenographic and angiocardiogr aphic 
principles as the cardiovascular radiologist, 
then there 1s no useful purpose in having 
the radiologist assume the responsibilities 
of the actual procedure. Often, however, 
this approach js not observed and, as a re- 

| Napas, ALEXANDER S. Pediatric Cardiology. Second Edition, 
W. B. Saunders Co., 1963, p. 159. 


?'DavgRAS, Juan Me, and Woop, Ernest 
Neuroradiology. Williams & Wilkins Co., 


H. Diagnostic 
1964, Preface. 


Mat 
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sult, studies of optimum quality are not 
consiscende obtained. It is also true that 
when the radiologist 1s not actively in- 
volved in the procedure and has a “laissez 
faire” attitude about it then the radiology 
technicians mav also reflect this atti tude 
and poor quality work is the end result. 
There is too much human effort, time and 
expense involved in cardiac diagnostic pro- 
cedures to allow anything less than an opti- 
mum angiocardiographic study on prac- 
ticallv every occasion. 

In the past, it is true, the radiologists 
were not equipped to accept the responsi- 
bilities of cardiac diagnostic procedures. 
However, the specialty is undergoing a 
radical change. In recent vears with the de- 
velopment of cardiovascular radiology, 
a new group of radiologists has appeared 
on the scene. Manv ot these voung men 
are seeking out cardiovascular training pro- 
grams where thev mav learn the techniques 
and principles of angiocardiographic diag- 
nesis; such programs should also include a 
knowles ige of the  electrocardiographic 
manifestations of cardiac arrvthmias and 
the indications and use of cardiac re- 
suscitative measures. 
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With the increasing role of angiocardi- 
ography in the diagnosis of cardiac mal- 
formations, it is only reasonable to assume 
that the aged cardiovascular radiologist 
would want to be involved actively in these 
procedures and be able to and would want 
to assume the responsibilities. entailed. 
Anyone familiar with this field could cite 
numerous examples of congenital cardiac 
maltormations where the diagnosis and the 
evaluation rest almost entirely on precise 
angiocardiography. 

For the practical minded surgeon, there 
is no substitute for the visual demonstra- 
tion of grossly altered anatomy prior to 
surgery. For the vounger, less experienced 
surgeon, it provides a sense of security and 
also allows him to think specifically about 
the lesion that awaits him. Well performed 
angiocardiography and precise filming tech- 
niques enhance the service to the patient 
and are a delight to the diagnostic radiol- 
ogist who is vitallv interested in the art of 
demonstrating a hidden anatomic struc- 
ture. 

Lewis S. Carey, M.D. 
Saint Joseph's Hospital 
Saint Paul 2, Minnesota 





244. 


Editorials 


May, 1965 





HENRY JANNEY WALTON, M.D. 
1879-1965 


R. HENRY J. WALTON died after a 

short illness on January 24, (965 only 
to days following his 86th birthday. His 
death at the Union Memorial Hospital, 
Baltimore, Maryland, was due to a rup- 
tured abdominal aortic aneurysm. His pass- 
ing further thins the ranks of distinguished 
pioneer radiologists. At the time ot his 
death, he was Professor Emeritus of Radi- 
ology at the University of Marvland School 


of Medicine, having retired as Professor of 
Radiology and Director of the Department 
of Radiology ot the University Hospital in 
1945 after 30 years of devoted service to a 
specialty he loved and to which he made a 
lasting contribution. His retirement from 
hospital and medical school work gave him 
added interest and time for the private 
practice of radiology. For the next 10 years 
he was able to enjov practicing clinical 
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radiologv and to continue to put into prac- 
tice certain principles which he strongly 
believed would elevate the specialty from 
laboratory radiology to a level on par with 
other branches of clinical medicine. 

Dr. Walton was born on January 14, 
1379 in Genoa, Nebraska, where the Mary- 
land family had moved to develop a cattle 
ranch. He returned to Maryland. with his 
familv in 1893, where he received his early 
education at Friends School and Baltimore 
City College. 

Following his graduation from the Balti- 
more Medical College in 1906, an institu- 
tion which later merged with the Physi- 
cians and Surgeons Medical College to be- 
come the Universitv of Marvland Medical 
School, he pr at Mercy Hospital here 
in this city. He immediately began the 
practice of de and surgery; however, 
his interest in roentgenologv led to his ape 
pointment as assistant to Dr. Henry 
Chandlee, the roentgenologist of the Uni- 
versity of Maryland Hospital. More and 
more of his time was confined to this rela- 
tively new 
diagnosis and treatment. Feeling the need 
for more training, Dr. Walton spent 2 
vears with Dr. Frederick H. Baetjer, 
Radiologist at the Johns Hopkins Hos- 
pital. Upon the death of Dr. Chandlee in 
i916, Dr. Walton was made head of the 
Department of Roentgenologv of the Uni- 
versity of Maryland Hospital. 

Dr. Walton spared no time or effort in 
the struggle to develop and expand his de- 
partment and was always vears 
his hospital administrators in ideas and 
plans. His gratitude for having lived long 
enough to see is department grow from 
one room and a closet to one of several 
wings and icone an outstanding depart- 
ment, was evidenced in his establishment 
of a lectureship in radiology in 1960 at the 
University of Maryland Medical School. 
Dr. Walton was a strong believer in limit- 
ing work to that which could be done well, 
in practicing clinical radiology with as 
much knowledge about a patient as pos- 
sible at hand when making his reports, and 





and fascinating modality of 
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ahead of 
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in discouraging the practice of blind "film 
reading" at every opportunity. His interest 
in obstetrical radiology and the develop- 
ment of a method of pelvimetry will be re- 
membered. The distortion chart developed 
30 vears ago is still being used today. Dr. 
Walton strived to make his department 
complete and all inclusive and resented the 
invasion by other specialists who would in- 
sist on doing part of the radiological study 
that the radiologist should do himself. 

Dr. Walton was a man of gentle habits, 
impeccable character, charming personality 
and immaculate dress; one who was easv to 
know, willing to listen and readv to extend 
a hand with a hearty greeting. He was 
faithful to his church, family and club. 
His charming wife added toa home atmos- 
phere which left little to be desired and 
which was deeply reflected in his children 
and grandchildren. 

Dr. Walton was a member of the Balti 
more City Medical Society, the Medical 
and Chirurgical Faculty of Mary land, the 
Southern Medical Association, the Ane 
ican Medical Association, and the Amer- 
ican Roentgen Rav Societv. 

He was past chairman of the radiological 
sections of the Baltimore City Medical 
Society and of the Southern Medical Asso- 
ciation, charter diplomate of the American 
Board of Ras diology, past president, charter 
member and fellow of the American Col- 
lege of Radiology. 

Dr. Walton is survived bv his wife, 
Helen Smith Walton; a son, William E. 
Walton of Atlanta, Georgia; 2 daughters, 
Mrs. Richard Manning of New Canaan, 
Connecticut, and Mrs. DeLanson Lenhart 
of Riverside, Connecticut; and 7 grand- 

children. 

A reverent salute 1s extended to a former 
associate, a man of dedicated interest in his 
specialty and of noble character, by the 
writer anc his partners, Dr. Charles N. 
Davidson, Dr. Henry H. Startzman, Jr., 
and Dr. Rawdon E. Rambo. 


Warrer L. Kitgy, M.D. 


115 Medical Arts Building 
Baltimore, Maryland 21201 
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LEO 


A. NASH, M.D. 


1910-1964 


l ITH the sudden death of Leo A. Nash 
on December 1, 1964, many of us lost 
a dear and cherished friend and medicine an 
exceptionally competent and skilled radi- 
ologist. 
He was born on June 26, 1919, in Chis- 
holm, Minnesota, and received his under- 
graduate training at the University of 


Minnesota. Also receiving his medical 
training there, he obtained the degree of 
Doctor of Medicine in 1934. After a vear's 
internship in pediatrics at the University of 
Minnesota, he served a rotating internship 
at the Cleveland City Hospital in 1935- 
1936. Following this, he was in the private 
practice of medicine for 18 months in River 
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Falls, Wisconsin, being associated with Dr. 
Charles Dawson: Strongly impressed with 
the great advances made in the care of pa- 
tents as the result of radiologic procedures, 
he obtained a fellowship in radiology at the 
Mayo Clinic, where he was trained from 
January 1, 1938, to January 1, 1941. 
During this period he had the good fortune 
to be closely associated with such out- 
standing men in the specialty as Drs. B. R. 
Kirklin, John D. Camp, Harry M. Weber, 
and C harles G. Sutherland. He was espe- 
cially proud of the strong friendship that he 
acquired with Dr. Eugene T. Leddy during 
that period. Toward the end of his fellow- 
ship at the Mayo Clinic, he was awarded 
the degree of Master of Science in Radi- 
ologv bv the Mavo Foundation of the Uni- 
versitv of Minnesota and also in 1941 he 
was certified as a diploma te bv the Amer- 
ican Board of Radiology 
From January, 1941, to June, 1944, he 
was in Fargo, North Dakota, where he was 
radiologist to St. John’s Hospital, | In June, 
1944, he was asked to become associated in 
the practice of radiology with Drs. Edward 
Schons, Harold O. Peterson and John Paul 
Medelman in St. Paul, Minnesota. As a 
member of this group, he was active in 
their office and was radiologist at St. 
Joseph's Hospital for several vears. In re- 
cent vears he had been the head of radi- 
ologv at St. Luke's Hospital and consultant 
at Riverview and Children's Hospitals. A 
clinical instructor in radiology at the Uni- 
versity of Minnesota, he was especially 
concerned with the instruction and welfare 
of the interns as well as with the develop- 
ment and expansion of the radiologic de- 
partments with which he was associated, 
and had much to do with the installation of 
the best and most modern radiologic equip- 
ment available for the better care of the pa- 
tients in these departments. 
Not one to seek aggrandizement, he was 
still ever active in the societies to which he 





belonged. These included the American 
Roentgen Ray Society, the Radiological 





Society of ] forth America, and the Amer- 
ican College of Radiology. From 1949 to 


Editorials 247 


19:1 he was secretary-treasurer of the 
Minnesota Radiological Society, and in 
that capacity he was unusually active and 
accepted many responsibilities not ordi- 
narily an obligation of one in that position, 
In 1957 he was vice-president and in 1948 
eae ek of the Minnesota Radiological 
Society. During these vears he was acutely 
aware of the problems regarding the eco- 
nomic aspects of radiology as they affected 
not only the physician but also the pa- 
tient. As a result, he worked industriously 
with others in attempts to Improve con- 
tracts with Blue Cross and Blue Shield and 
provide greater and more equitable bene- 
fits and pavments. 

ate for the Minnesota Radio- 
logical Society to the American College of 
Radiology in 1954, 1955, and 1956, he sub- 
sequently iyan on the Minnesota Radio- 
logical Society Nominating Committee for 
Fellowship in ire American College of 
Radiology (in 1962, 1963, and 1964). . 
his affiliations with the Minnesota State 
Medical M d. and the various radio- 
logic societies, he always gave much in the 
way of wise and prudent counsel, and his 
kindness and selfless effort in this regard 
was only tempered at times by his im- 
patience with those he telt were lagging in 
their efforts or timid in their support. In 
later vears he became solicitous of the wel- 
fare of elderly physicians in Minnesota who 
had encountered financial difficulties after 
they had retired from the practice of medi- 
cine because of age or illness, and conse- 
quentlv he devoted much of his time to 
this cause as a mem par of the Physicians’ 
Assistance € e of the Minnesota 
State Medica l Association and the Ramsey 
| v Medical Foundation for Aid to In- 
digent Physicians. 

We who knew Leo well will long remem- 
ber him for his unique and refreshing sense 
of humor, his great faith in his friends, and 
his love for them. It was alwavs stimulat- 
ing to hear him tell of his friends, of the ob- 
stacles thev had surmounted, the extraor- 
dinary training they had obtained, the 
peculiar talents thev had acquired, and the 
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SOUTHERN MEDICAL ASSOCIATION 
Section on Radiology 

At the last meeting of the Section on 
Radiology of the Southern Medical Asso- 
cation, the following new officers were 
elected: Chairman, Charles M. Nice, Jr., 
M.D., Ph.D., New Orleans, Louisiana; 
Vice-Chairman, David S. Carroll, M.D., 
Memphis, Tennessee; and Secretary, 
Andrew F. Giesen, Jr., M.D., Fort Walton 
Beach, Florida. 

The next meeting of the Section on 
Radiology will be held during the conven- 
tion of the Southern Medical Association, 


ap 


November 1—4, 1965 in Houston, Texas. 








THIRD INTERNATIONAL CONGRESS 
OF RADIATION RESEARCH 

The Third International Congress of 
Radiation Research will be held in Cortina 
d'Ampezzo (prov. Belluno), Italy, June 
26~July 2, 1966. The President of this con- 
gress is Dr. A. A. Buzzati-Traverso, Inter- 
national Laboratory of Genetics and Bio- 
physics, Naples, Italy. The Secretary- 
General is Dr. Giovanni Silini, Laboratorio 
di Radiobiologie Animale, Comitato Na- 
zonale per lEnergia Nucleare, Rome, 
Italy. 

Allinquires about this congress should be 
addressed to: Secretarv-General, Third 
International Congress of Radiation Re- 
search, Casella Postale 2359, Rome A.D, 
Italy. 


SOUTHERN RADIOLOGICAL CONFERENCE 


The Tenth Annual Meeting will be held 


at the Grand Hotel, Point Clear, Alabama, 
January 28, 29 and 30, 1966. 
UNIVERSITY OF CINCINNATI 
MEDICAL CENTER 

The Seventh Annual Refresher Course 
in Diagnostic Roentgenology will be held 
by the Department of Radiology of the 
University of Cincinnati College of Medi- 
cine under the direction of Dr. Benjamin 
Felson from May 24 through 28, 196s. 

Further information concerning the 
course, which is open to Radiologists and 
Radiology residents, may be obtained by 


writing Dr. Jerome F. Wiot, Department of 
Radiology, Cincinnati General Hospital 
Cincinnati, Ohio 45229. 
MEDICAL DIAGNOSTIC APPLICATIONS 
OF ULTRASOUND 

A conference on Medical Applications of 
Ultrasound will be held May 20 and 21, 
1965, at the Hilton Hotel, Pittsburgh, 
Pennsylvania, sponsored by the Post- 
graduate Medical Program of the Univer. 
sity of Pittsburgh School of Medicine. 

At this conference investigators from 
the United States and abroad will present 
their experiences in the use of ultrasonic 
techniques for diagnostic purposes in all 
the various specialty areas of medicine. 
This will include discussion of the diag- 
nostic applications of ultrasound in neu- 
rology and neurosurgery with particular 
reference to the current status of echo- 
encephalography. It will include ultrasonic 
uses in cardiologv and a discussion of the 
echocardiograph. The applications of ul- 
trasound in ophthalmology, obstetrics and 
gvnecology, the diagnostic application to 
lesions of the liver, spleen, kidnev, stomach, 
and bladder and the use of these techniques 
at surgery will be discussed. 
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PosrrioNiNG IN RaproGrapHy. Eighth edition. 
By K. C. Clark, M.B.E. Cloth. Pp. 366, with 
2,539 illustrations. Price, $35.00. Intercon- 
tinental Medical Book queam 331 


Park Avenue, South, New York 160, N. Y., 
1964. 
This widely acclaimed manual by the 


British radiologist, K. C. Clark, has been a 
familiar reference text in radiologic depart- 
ments for the past quarter century. There has 
been no revision made since 1957, and this 
eighth edition fully covers the tremendous for- 
ward strides made in the specialty since that 
time. It is unmatched in its scope for complete- 
ness, conciseness, clarity and value to the prac- 
ticing radiologist. 

This edition has been enlarged by over 150 
pages and almost 400 illustrations. While its 
principal theme is to demonstrate every con- 
ceivable positioning procedure and the results 
obtained therefrom, the text also encompasses 
the fields of radiologic anatomy, precise techni- 
cal factors for proper film exposure, and typical 
pathologic conditions detected during routine 
and special procedures. It very adequately 
deals with such varied subjects as dental and 
oral radiography, ultrasound investigation, 
stereotaxis, gamma-ray scanning, kymography, 
mammography, miniature and macreradiog- 
raphy, lymphangiography, cineradiography and 
tomography, to name a few. All special proced- 
ures in each organ system are fully represented 
and profusely illustrated. An excellent supple- 
mental section deals with contrast and opaque 
media, radiation etfects and protection, and 
working metric equivalents. 

The 2,539 illustrations have been so well 
selected that this manual could be termed a 
teaching bible for x-ray technicians. It does not 
enter into any but brief discussions on elec- 
trical equipment, although it does illustrate 
such specialized x-ray apparatus as an image 
intensifier. Dr. Clark holds that a good x-ray 
technician must be thoroughly grounded 1 
anatomy, have some basic knowledge ot aa 
ology, and be familiar with pathologic entities 
which may cause him to modify his technique. 


The radiographic reproductions are of a 
superb quality. Many of the photographs are 
modified with white lines to show the direc- 
tion of the central and peripheral rays. In each 
section completely labeled film reproductions 
indicate anatomic structures In various projec- 
tions. The terminology conforms to the 
Nomina Anatomica, Paris 1955, included in 

the Centenary ec dition of Gray’s Anatomy pub- 
lished in 1955. All information furnished is per- 
fectly adaptable to American radiologic prac- 
tice except for minor details such as film size 
which follows the European pattern. 

This text can truly be a comfort to the radi- 
ologist who is frequently faced with perplexing 
diagnostic situations. It should also be an in- 
spiration to residents and technicians in raising 
the standards of radiology by obtaining the 
most useful information from the tools of their 
profession. 


Arca H. Hart, M.D. 


BOOKS RECEIVED 


RapioLoGy ror Meprcat Srupents. By Fred Jenner 
Hodges, M.D., Professor and Chairman, Depart- 
ment of Radiology, University of Michigan; fsa- 
dore Lampe, M.D., Professor, Department ot 
Radiology, University of Michigan; and John 
Flovd Holt, M.D., Professor, Department of 
Radiology, U niversity of Michigan. Fourth edi- 
tion. Cloth. Pp. 453, with str illustrations. Price, 
iio.o00. Year Book Medical Publishers, fne., 35 
East Wacker Drive, Chicago, HL, 1965. 

IxvkRNATIONAL Symposium on Exp RESULTS or 
C. ANCER «Tn E Sandefjord, Norway, Septem- 


wA F A Edited by Sidney J. Cutler, National 
Cancer Institute, U. S. Public Health Service. 
Cloth. Pp. 446, wih many tables. Price, $3.75. 
Superintendent of Documents, U. S. Government 


Printing Office, Washington, D. C., 1964. 
ANEURYSMS AND ARTERIOVENOUS ANOMALIES OF 
rue Bratx: DiacNosis AND TREATMENT. By 


J. Lawrence Pool, M.D., Professor of Neurological 
Surgery, Columbia University, College of Physi- 
cans and Surgeons; Director, Service of Neuro- 
logical Surgery, Neurological Institute of New 
York, Columbia-Presbyterian Medical Center, 
New York; and D. Gordon Potts, M.D., Assistant 
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Professor of Radiology, Columbia University Col- 
lege of Physicians and Surgeons; Assistant Attend- 
ing Radiologist, Service of Radiology, Neuro- 
logical Institute of New York, Columbia-Presby- 
terian Medical Center, New York. Cloth. Pp. 463, 
with many illustrations. Price, $19.50. Hoeber 
Medical Division, Harper & Row, Publishers, 49 
East 33rd Street, New York, N. Y., 1965. 

La Via Linratica PELVICA NELLA ONCOLOGIA 
GinecoLocica. By M. Maneschi, and P. Ra- 
gonese, with a preface by Prof. F. Marchesi, 
Direttore della Clinica Ostetrica e Ginecologica 
dell "Universita di Palermo. Cloth. Pp. 321, with 
145 figures. Price, L. 8,500. Luigi Pellino, Editore, 
Via G. B. Morgagni, 1, Rome, Italy, 1965. 

Tur Year Book or RaproLocy (1964-1965 Year 
Book Series). Radiologic Diagnosis: Edited by 
John Floyd Holt, M.D., Professor, Department of 
Radiology, University of Michigan; and Walter M. 
Whitehouse, M.D., Associate Professor, Depart- 
ment of Radiology, University of Michigan. Radi- 
ation Therapy: Edited by Howard B. Latourette, 


Books Received 261 


M.D., Professor, Department of Radiology, State 
University of Iowa. Cloth. Pp. 454, with 325 illus- 
trations. Price, $12.00. Year Book Medical Pub- 
lishers, Irc., 35 East Wacker Drive, Chicago, Ill., 
1965. 


ASSESSMENT OF RADIOACTIVITY IN Max. Proceedings 


of the Symposium on the Assessment of Radio- 
active Bcdy Burdens in Man, held by the Inter- 
national Atomic Energy Agency, International 
Labour Organisation and World Health Organiza- 
tion at Heidelberg, May 11-16, 1964. In two 
volumes. Cloth. Pp., First volume: 395, Second 
volume: 65c, with a total number of 329 illustra- 
tions. Price, First volume $8.00, Second volume, 
$13.00. National Agency for International Publi- 
cations, Inc., 317 East 34th Street, New York, 
N. Y., 1965. 


TECHNIQUE OF INTERNAL FIXATION OF FRACTURES. 


By M. E. Miler, M. Allgower, and H. Willenegger. 
Revised for the English edition by G. Segmuller. 
Cloth. Pp. 272, with 244 figures. Springer-Verlag, 
Berlin, 1965. 


May, 1665 


SOCIETY PROCEEDINGS 








| 


MEETINGS Of RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN Roentcen Ray SocigTY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rechester, 
Minn, Annual meeting: Washington H Iton Hotel, 
Washington, D. C., Sept. 28-Oct. 1, 1965. 

AMERICAN RADIUM Society 
Secretary, Dr. John L. Pool, 444 East 58th Street, 
New York, N. Y. 10021. Annual meeting Camelback 
Inn, Phoenix, Ariz., April 13-16, 1966. (Colden Anni- 
versarvy.) 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr, Maurice Doyle Frazer, 1744 
south Fiftv.eighth St., Lincoln, Neb. Ann ial mecting: 
Palmer House, Chicago, H, Nov. 28-Dec. 3 1965. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 2c N, Wacker 
Drive, Chicago 6, Hl Annual meeting: [brake Hotel, 
Chicago, HL, Feb. 1-<, 1966. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eight Ave., Spokane 4, Wash. Annual 
meeting: New York, N. Y., June 20-24, 196«. 

AMERICAN Board or Rabpiorocy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Spring 1965 examination will be held at the San 
Francisco Hilton Hotel, San Francisco, Catf., June 13- 
18, inclusive, This will be the last time tha: the Special 
Examination in Nuclear Medicine will be offered to 
physicians who are already certified in Fadiology or 
Therapeutic Radiology. The deadline for fi ing applica- 
tions for this examination was December 31, 1954. 

The Fall 196: examination will be held az the S:atler 
Hilton Hotel, Dallas, Texas, December 5-30, inclusive. 
The deadline for filing applications for this examination 
is June 30, 1965. 

AMERICAN AssociATION OF Puvsicisrs iN MEDICINE 
Secretary- Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annuzl meeting to 
be announced. 

American Crus or THERAPEUTIC Rapio.ocisrs 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL Concress or Rap o.ocy 
Secretary-General, Professor Dr. Med. Arduiao Ratti, via 
Moscova, 44-1, Milan, Italy, Address inquires to Profes- 
sor Dr. Med. Luigi Turano, President-Elec’, Istituto di 
Radiologia, Universita di Roma, Rome, Ita v. Meeting: 
September 22-28, 196«. 

NINTH INTER-AMERICAN CoNcnEss or Rabiorocv 
Counselor for the United States, Dr. Phili» J. Hodes, 
Jefferson Medical College Hospital, 11th. and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

Meeting: Montevideo, Uruguay, 1967. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham. Ala. Meets 
time and place of Alabama State Medical Association, 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph Sre., 
Chicago, Ill. Annual meeting to be announced. 

Arizona RADIOLOGICAL SOCIETY D 
Secretary-lreasurer, Dr. George Gentner.. 3435 W. 
Durango, Phoenix, Ariz, Two regular meet ngs a year, 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 


Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Assocyation oF Universrry RADIOLOGISTS 
Secretary- Treasurer, Dr. Alexander R. Margulis, Depart. 
ment of Radiology, University of California, San Fran- 
cisco, Calif. Annual meeting: Seattle, Washington, 
May 14 and 15, 1965. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer menths, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIA ¥-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, sth General Hospital, APO 154, New York, N. Y. 
Meets auarterly. 

Brockig* Raptrorocicar SocigTY 
secretary, Dr. Bernard J. Ostrum, 2412 North cand St., 
Philadelphia, Pa. 

BrvgGRAss RADIOLOGICAL SOCIETY 
Secretary- Treastirer, Dr. Arthur Lieber, University of 
Kentuexy, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

Brookiyx RADIOLOGICAL SOCIETY 
Secretary, Dr. Jay P. Sackler, Brooklyn, N. Y. Meets 
first Thursday of each month, October through June. 

Burrarto RapiorocicaAL Society 
Secretary, Dr. Berkeley Zinn, 85 Wehrle Dr., Buffalo 25, 
N, Y. Meets second Monday evening each month, Octo. 
ber to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., Sar Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

CatawBe VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiolegy, Valdese General Hosp., Valdese, N. C. at 
12:00 P.M. 

CENTRAL- New York Rapiorocicarn Socrery 
Secretary Treasurer, Dr. Edward W. Carsky, Crouse- 
Irving Hospital, 820 S. Crouse Ave., Syracuse, N. Y. 
Meets arst Monday each month, October through May. 

CENTRAL Üuro RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 1s, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY OF NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, Ill. 

CHICAGO ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Robert D. Moseley, Jr., Dept. 
of Radiology, Univ. of Chicago, 9:0 E. sgth St., Chicago 
37, Hl. Meets second Thursday of each month, October 
to AprE except December at the Pick-Congress Hotel at 
8:00 Pat. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10515 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

CoLorape RADIOLOGICAL SOCIETY 
Secretary, Dr. David J. Stephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denwer Athletic Club from September through May. 


* Secretaries of societies are requested to send timely infermation promptly to the Editor. 
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Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Dattas-Fort WonrH RADIOLOGICAL SOCIETY 
Secretary, Dr. R. E. Collier, 3:00 Gaston Ave., Dallas, 
Tex. Meets monthly, third Monday, at Southwest Inter- 
national Adrport at 6130 P.M. 

Derroir Roentcen Ray anp RADIUM SOCIETY 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit t, 
Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
P.M. 

Easr Bay RoENTGEN SOCIETY 
Secretary, Dr. William G. Faraghan, 4:0 3cth St, Oak- 
land 9, Calif. Meets first Thursday each month at 
University Club, Oakland, Calif. 

Easr TENNzEssEE RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H. Kimball, 2200 Harris Circle, Cleve- 
land, Tern. Meets in January and September. 

EasreRN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

Froripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Andre S. Capi, 3471 N. Federal Highway, 
Fort Lauderdale, Fla. Meets twice annually, in the spring 
with the annual State Society Meeting and in the fall. 

Froripa Wesr Coast RADIOLOGICAL SocigTY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 
Ga. Meets in spring and fall with Annual State Society 
Meeting. 

GREATER MraMI RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Oliver P. Winslow, Jr., Baptist 
Hospital of Miami, Inc., 8900 S. W, 88th St., Miami 56, 
Fla. Meets monthly, third Wednesday at 8:00 P.M. at 
Jackson Memorial Hospital, Miami, Fla. 

Greater St, Louis Society or RaApioLocisTS 
Secretary-Treasurer, Dr. Mark D. Eagleton, 9:0 Francis 
Place, St. Louis, Mo. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Van Velzer, Texas Medical Center 
Library, Jesse H. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 PM., Houston, Tex. 

Ipauo Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Inuinois RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall, 

Inpiana RoentGen SOCIETY, Ine. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Jowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annua! session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIGLOGICAL SOCIETY 
Arts Bldg., roth and Home, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call, 

KENTUCKY CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Secreiary- Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, ky. 
Meetings will be semiannually. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joan R. Haie, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brocklyn 25, N. Y. Meets Kings County Med. Soc. 
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Bldg. monthly on fourth Thursday, October to May, 
8:45 P.M. 

KNoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Mondav of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Perry R. Mandel, Nassau Hospital, 
Mineola, L. L, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Austin R. Wilson, 540 N. Central Ave., 
Glendale, Calif. 91203. Meets second Wednesday of 
month in November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

Maine RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
ville, Me. Meets in June, September, December and 
April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Butlding, 
Baltimore, Maryland. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Irving K. Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn. Meets first Monday 
of each month at John Gaston Hospital. 

Miamt VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y. Meets 7100 P.M., 
first Wednesday of each month September to May. 

MiLwAUKEE RoenrGen Ray SOCIETY 
Secretary-Treasurer, Dr. Harold F. Ibach, 2400 W. Vil. 
lard Avenue, Milwaukee 9, Wis. Meets monthly on 
fourth Monday, October through May, at University 
Club. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frank J. Anderson, 810 E. 27th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 

Mississippl RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., «04 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:09 P.M. 

Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

MowrANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA State RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.m. in Omaha or 
Lincoln. 

NrvAaDA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilham G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 

New Encianp Roentcen Ray SOCIETY 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4130 P.M. 

New Hamesuire RogNTGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico ASSOCIATION OF RADIOLOGISTS 
Secretars-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Sociery or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four annual meetings, three held in Albuquer- 
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que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New York Roentcen SOCIETY 
Secretary, Dr. Harry Z. Mellins. Meets monthly on third 
Monday at the New York Academy of Medicine at 4:30 
P.M. 

NonTH Carona RapiorocicaL Socigry 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonrH Dakora RapioLocicaL SOCIETY 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

NonTH FLoripa RApi0LOGICAL Sociery 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RapioLocicaL Sociery 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albanv 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL Society 
Secretary, Dr. John M. Johannessen, Mercy Hospital, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento. 

NonTHWESTERN Onto RapioLocicaL Socrery 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onto Stare RapioLogicaL Society 
Secretary, Dr. M. M. Thompson, fr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting: Terrace Hilton Hotel, 
Cincinnati, Ohio, May, 1965. 

OKLAHOMA STATE RADIOLOGICAL Society 
Secretary, Dr. Dave B, Lhevine, Bro Docters Bldg., 
2021 South Lewis, Tulsa, Okla. Meets in January, May 
and October. 

Orance County RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Herbert H. Benson, tco East 
Valencia-Mesa Dr., Fullerton, Calif. Meets fourth 
Tuesday of every month in Orange County Medical 
Association Building. 

OnEGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
of month at 7:00 p.m, at the University Club, Portland, 
Ore. 

OnLEANSs Paris RaApioLoGicAL Sociery 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Pactric NortHwest RADIOLOGICAL SOCIETY 
Secretary, Dr. Willis Taylor, Seattle, Washingron. An- 
nual meeting: Olympic Hotel, Seattle, Washington, 
May 7—9, 1905. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Pittsburgh 
Hilton Hotel, May 21-22, 1965. 

PHILADELPHIA RoEgNTGEN Ray Society 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at ¢ p.m., from October to May 
in Thompson Hall, College of Physicians. 

PirrspurGcy RogNTGEN Society 
Secretary, Dr, Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY OF CONNECTICUT 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 14:0 
Chapel St., New Haven 11, Conn, Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 61:9 Tulane Road, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 
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RapioLocicAL SocierY or Greater Kansas Crrv 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

Rapro.oaicat Socigry or Hawan 
Secretary, Dr. Russell E. Graf, P.O. Box 294, USA Tripler 
General Hospital, Honolulu, Hawaii, Meets third Mon. 
day of each month at 7:30 P.M. 

Rap1ioLocicAL Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

Rapiotocicar SOCIETY or LOUISIANA 
Secretary, Dr. Andrew F., Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RapioLoGicaL Sociery or New Jersey 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RaprotocicaL Sociery or RHODE ÍSLAND 
Secretary-Treasurer, Dr. Harvey B, Lesselbaum, Miriam 
Hospital, Providence, R. I. 

RADIOLOGICAL SOCIETY or THE STATE or New YORK 
Seeretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

RapbioLocicAL Society or Sovra DAKOTA 
Secretary Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary - Treasurer, Dr. John L. Gwinn, Children’s Hos- 
pital of Los Angeles, 4614 Sunset Blvd., Los Angeles, 
Calif. 90027. Meets three times a year, usually October, 
February, and May. 

Repwoop Empire RaproLocicaL Sociery 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicuMoNp County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester RogNTGEN Ray Soctery, Rocuester, N. Y. 
Secretary, Dr. Irving B. Joffe, Rochester General Hos- 
pital, 1425 Portland Ave., Rochester 21, N. Y. Meets at 
8:15 P.M. on the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den. 
ver 20, Colo. Annual meeting to be announced. 

SAN ANTONIO-MiLITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M, 

SAN Dieco RADIOLOGICAL SOCIETY 
President-Secretary, Charles P. Hyslop, 7901 Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

SAN Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SECTION ox Raptotrocy, Mepicat Society or rue Dis- 
TRICT OF COLUMBIA 
Secretary- Treasurer, Dr. Martin A. Thomas, 11:0 Con- 
necticut Ave., Washington 36, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:c0o Pim. 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr, White-Wilson 
Clinic, Fort Walton Beach, Fla. Annual meeting: 
Houston, Texas, Nov. 1-4, 1965. 

Section on RapioLocvy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
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tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RapioLocicaL CLuB 
Secretary, W. R, Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
september to May inclusive. 

SOCIETY FOR Pepiarric RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, Los 
Angeles 27, Calif. Annual meeting: Washington Hilton 
Hotel, Washington, D. C., September 27, 1965. 

SOCIETY OF NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N., Turiel, 430 N. Michigan Ave., Chicago 11, lll. 
Annual meeting: Bal Harbour, Fla., June 17-19, 196s. 

SoutH Bav RapioroctcAL Society 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 Whipple Ave., Redwood City, Calif.; Southern Sec. 
tion: Dr. Paul L. Clemetson, 87; W. Fremont Ave, 
Suite C-3, Sunnyvale, Calif. Meets second Wednesday of 
each month. 

SourH CanotLiNA RaAbDioLOGICAL Sociery 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C, Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated bv the president. 

SovrH Daxora RapiorocicAL Sociery 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Graná Hotel, Point Clear, Ala., Jan. 28-30, 1966. 

SOUTHWESTERN RaprorocicaAL Sociery 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

Tennessee RabiorocicAL Society 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem. 
phis. Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association meeting. 

Texas Rapiotocican Socrery 
Secretary, Dr. Herman C. Sehested, 81: Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting: Driscoll 
Hotel, Corpus Christi, Jan. 28-29, 1966. 

TRrSrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 

Jan., March and May, 8:00 ram., Elks Club in Evans- 
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ville, Ind. 

University or MieuigaN. Department oF RoENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Upper PrENiNsuLA RAbiOLOGICAL Sociery 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly, 

Uran Srare RapioLocicAL Socrery 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 
pital, 2033 S. State St, Salt Lake City, Utah. Meets 
feurth Wednesday in January, March, Mav, September 
and November at Holy Cross Hospital. 

VgnMOoNT RapiotocicAL Socigry 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 

VigGiNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M, Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va, 

WsHINGTON Srare RADIOLOGICAL SOCIETY 
Secretary, Dr. Owen Marten, 930 Terry Avenue Seattle, 
Wash. Meets quarterly. 

West Virginia RADIOLOGICAL SOCIETY 
secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
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Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 
WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Joel J. Schwartzman, Westchester Academy 
of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates. 
Wisconsin RADIOLOGICAL Society 
Secretary, Dr, Charles Benkendorf, 408 St. Francis St., 
Green Bay, Wis. Meets twice a vear, May and September 


Cusa, Mexico, Puerro Rico Anp CENTRAL AMERICA 


AsociaciOn DE Rapidtocos DE Centro AMERICA Y 
PaANAMÁ. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá, 

Secretary -General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries, 

SOCIEDAD DE RapioLocia pe EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A o-oz, Zona 1, 
Guatemala, 

SOCIEDAD DE RapioLocia v Fistorerapfa CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hosp: tal. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vim, 
San José, Costa Rica. 

SociEDAD Mexicana DE Rapiorocía, A.C, 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACIÓN Pukgn TORRIQUENA DE RaptioLOGÍA 
Secretary, Dr. R. B. Diaz Bonnet, Suite so4, Professional 
Bldg., Santurce, Puerto Rico, 

SociEDAD RaproLdcicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P, Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD RapbiotócicA pg Puerro Rico 
Secretary, Dr. Jorge Carreras Girard, Suite £04, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


Brrrish COMMONWEALTH OF NATIONS 


ASSOCIATION or RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a vear. 

Bnrrisa Ixsrrrure or RapioLocov 
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Der, P. M. Benign hypertrophy of the masse- 
ters: a report of the radiological features in 
two cases. Clin. Radiol., Oct., 1964. /5, 347— 
349. (From: Department of Radio ogy, The 
Royal Victoria Infirmary, Newcastle upon 
Tyne, England.) 


Since the first description by Legg in 1880 only 
approximately 40 cases of benign masseter hyper- 
trophy have been reported in the litereture. Two 
additional cases are described by the autaor, one of 
which was diagnosed roentgenologicall y. 

The roentgenologic features are distinctive and 
consist of: (1) normal filling of the parotic gland; (2) 
lateral displacement of the parotid duct end the ac- 
cessory part of the parotid gland in the presence of a 
roentgenologically normal parotid gland; and (3) 
lateral faring of the angles of the mandible, thought 
to be due to the action of the hypertrophied muscles. 
—Samuel G. Henderson, M.D. 


Rrreate, G. MacL. Hypophosphatasri: a meta- 
bolic disease with important dental mani- 
festations. Arch. Dis. Childhood, Vec., 1964, 
39, 584-590. (From: Department of Dental 
Surgery, University College Hospital Dental 
School, London, England.) 

The author has studied the teeth of ic children 
suffering from hypophosphatasia. Partici lary when 
the disease 1s severe and occurs during the time when 
dental tissues are being formed, there 1s avpoplastic 


deformity and crowding and early loss of teeth in 
both dentitions. Many deciduous teeth are lost pre- 


maturely with very little resorption of their roots. 
There is no compensatory early eruption of the per- 
manent teeth. The permanent incisors, especially the 
uppers, become loose early and suffer periods of 
looseness and relative firmness. The jaws of these 
patients tend to be small, so that a high tooth/ bone 
ratio results. 

Treatment consists of good oral hygiene, good 
dietary habits and the use of fluoride compounds. 
Dentures should be provided to prevent overloading 
the teeth and to support those that ere loose.— 


Arthur E. Childe, M.D. 


Rice-Simons, RuTH A., Viamonre, MANUEL, 
Jr., Garcano, Frepie P., ani Spear, 
Hanorp C. Extracranial occlusive vascular 
disease obscuring intracranial vascular le- 
sions. South. M. T., Dec., 1964, 57, 1391-1395. 
(From: Departments of Neurology, Radi- 
ology, and Surgery, University of Miami 
School of Medicine, and Jackson Memorial 
Hospital, Miami, Fla.) 


Abstracts of Radiological Literature 


Mary, 1965 


A patient is reported with a bleeding aneurysm of 
the basilar artery in whom the symptoms were 
erroneously attributed to occlusion of the innominate 
artery and the subclavian steal syndrome. 

The patient had had severe right sided head and 
facial pain for 3 years. Approximately 1 year before 
referral! to Jackson Memorial Hospital, he had a 
transient episode of left hemiplegia and right facial 
paralvsis. Subsequently, reck pain and rigidity were 
present for several weeks. 

Physical examination revealed no carotid or bra- 
chial pulses on the right. A transtemoral retrograde 
aortogram was obtained and revealed the character- 
istic findings of a subclavian steal svndrome second- 
ary to occlusion of the innominate artery. The intra- 
cranial circulation was not studied. 

He was referred to Jackson Memorial Hospital for 
correction of the occlusion of the innominate artery. 
Repeat studies of the vascular system included both 
the great vessels and the intracranial circulation. 
The occlusion of the innominate artery was confirmed 
as well as the subclavian steal syndrome. However, 
an aneurysm at the origin of the basilar trunk was 
also demonstrated. Because of the location. of the 
lesion and the patient's asymptomatic status, repair 
was not considered indicated at that time. 

The authors postulate that the patient's symptoms 
were secondary to bleeding of the intracranial aneu- 
rysm and that the subclavian steal syndrome was 
asymptomatic. They also stress that the status of 
the intracranial circulation should be evaluated be. 
fore correction of extracranial occlusive vascular dis 
ease 1s undertaken.— Parry Gerald, M.D. 


Hour, Mason, and Baker, H. R. The atlanto- 
axial joint: roentgenographic and anatomical 
study of normalfand abnormal motion. 7. 
Bone & Joint Surg., Dec., 1964 46-4, 1739- 
1752. (Address: Dr. Hohl, 435 North Rox- 
bury Drive, Beverly Hills, Calif.) 


The anatomv of the atlas and axis is reviewed. 
The fact that the articular surfaces of the lateral 
joints of the atlas and axis are convex and nonre- 
ciprocal 1s important, since it explains the roentgen 
findings on rotation. 

Studies were made of the atlantoaxial motions 
using clinical material, a fresh anatomic specimen 
and cineroentgenography, The position of the 
odontoid in relationship co the lateral masses of the 
atlas and the relative positions of the lateral masses 
of the atlas and axis in normal cases are important as 
regards the significance of findings noted after in- 
jury. 

The authors made the following observations: 

t. Lateral bending alone without rotation at the 
atlantoaxial joint produced no lateral shift of the 
atlas on the axis. 

2. Lateral bending to is degrees without rotation 
of the head produced atlantoaxial rotation in all but 
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1 patient. The spinous process of the axis rotated to 
the side opposite that of the lateral bending. There 
was articular facet offset and asymmetry in the para- 
odontoid spaces. 

3. Lateral bending to physiologic limits showed an 
cHset of the lateral masses of the atlas and axis 
rangmg from o-5 mm. on one side and a total right to 
left shift of o-8 mm. (Only one patient had no shift.) 

4. Rotary motion in proportion to the amount of 
rotation caused superimposition of the lateral joint 
surfaces on the side towards which the spine of the 
axis was directed, and the other lateral joint ap- 
peared narrowed. 

5. Rotary motion alternately increased and de- 
creased the apparent vertical height of the atlas and 
axis, substantiating vertical approximation as a 
normal motion. 

6. Roentgenograms in flexion and extension 
showed an average of I-2 mm. movement between 
the anterior arch of the atlas and the odontoid 
process. 

The conclusion is reached that small degrees of 
asymmetry are common and there may appear to be 
lateral subluxation of the atlantoaxial joints due 
only to positioning or spasm. Lateral shift is a normal 
physiologic movement. The sliding motion is normal 
and not indicative of subluxation.—Martha Mot- 
tram, M.D. 


NECK AND CHEST 


Di GUGLIELMO, L., and BERETTA, L. Il signifi- 
cato della laringograha con mezzo di con- 
trasto nello studio delle flogosi croniche 
aspecifiche della laringe. (The significance of 
laryngography with contrast medium 1n the 
study of chronic, nonspecific inflammation 
of the larynx.) Radiol. med., Oct., 1964, 50, 
946-959. (Address: Dott. Prof. Lucio Di 
Guglielmo, Policlinico, Pavia, Italy.) 


In the present study, a systematic analysis of the 
laryngographic findings in chronic laryngeal inflam- 
mations 1s conducted. 

Criteria have been established for precise diag- 
nostic evaluation. The authors have observed that in 
diffuse. chronic inflammatory processes, although 
there may be a marked thickening of the true and 
false vocal cords, laryngography in deep inspiration 
always demonstrates complete abduction of the 
cords and flattening of the glottis. On the contrary, 
in the presence of neoplastic infiltration, abduction 
of the cords is absent on the affected side. 

Characteristic laryngographic findings have been 
demonstrated in 20 patients, including cases of dif- 
fuse hypertrophic states, ventricular eversions, 
polyps and verrucae.—Anthony A. Blasi, M.D. 





FERRARI, G. Corpi estranei nell’ipotaringe ed 
esofago (studio di morfologia radiologica su 


Abstracts of Radiological Literature 


259 


40 casi). (Foreign bodies in the hypopharynx 
and esophagus [study of the radiologic mor- 
phology in 40 cases]. Ann. radiol. diag., 
1964, 37, 151—176. (From: Reparto di Radi- 
ologia e Terapia Fisica, Ospedale Civile di 
Imola, Bologna, Italy.) 


Roentgenography is the simplest, most innocuous 
and surest method of diagnosis and localization of 
foreign bodies in the hypopharynx and esophagus. 
The determination of the point of arrest and of the 
form and dimension of the foreign body is of in- 
valuable assistance to the endoscopist. 

The author is in accord with many other investi- 
gators as to the roentgenologic method to be used. 
After a preliminary "flat" roentgenogram is ob- 
tained, additional roentgenograms are taken follow- 
ing the administration of a semifluid opaque bolus 
and the ingestion of a few mouthfuls of water. 

The author describes different patterns of roent- 
genographic images which are produced at the level 
of the foreign body following a barium swallow: (1) 
"Pincer" blockage; (2) “drop”? blockage; (3) “‘cir- 
cumscribed blockage" in which there is a widening of 
the barium column with central or marginal defect or 
defects; and (4) “target” blockage. 

The importance of the administration of water 
following the barium swallow is stressed. A thin 
layer of barium adheres to the foreign body, coats it 
and brings it into relief—Anthony A. Blasi, M.D. 


SIMON, GEORGE. Radiology and emphysema. 
Clin. Radiol., Oct., 1964, 75, 293-306. (From: 
St. Bartholomew’s and Brompton Hospitals, 
London, England.) 


In the Ciba Symposium of 1959 empAysema was 
defined as abnormally large air spaces beyond the 
terminal bronchiole. A classification of Lynne Reid 
in 1964 of the various types of emphysema lists 
under two main headings: (a) emphysema without 
airways obstruction, and (b) emphysema with air- 
ways obstruction. The latter is further classified as 
(1) reversible airways obstruction, and (2) irreversi- 
ble airways obstruction. The author, in this article, 
discusses gross widespread emphysema with air 
trapping (airways obstruction), either idiopathic in 
origin or on the basis of chronic bronchitis. 

The criteria for the roentgen diagnosis of gross 
widespread emphysema chosen by Simon and Gal- 
braith in 1954 were as follows: (1) an excess of air in 
the lungs with air trapping demonstrated by a low, 
flat and poorly moving diaphragm and a large retro- 
sternal area; (2) certain changes in the appearance 
of the cardiac contour and lung vessels, particularly 
a narrow vertical heart, a large pulmonary trunk, 
and a combination of large hilar vessels with small 
lung vessels; and (3) the presence of bullae or bullous 
areas demonstrated by localized avascular relatively 
translucent areas. 
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The diaphragm can be considered low if the cen- 
tral portion of the right dome of the diaphragm on 
inspiration lies at or below the level of the 7th rib 
anteriorly (below the level of the 6th rib anteriorly in 
I patient of hypersthenic habitus). The range of 
movement between full inspiration and full expira- 
tion is diminished—usually less than 3 cm. The depth 
of the translucent zone behind the sternum often 
measures 3 to 5 cm., compared with the normal of 2 
to 3 cm. This radiolucent zone tends to extend lower 
in emphysema than in a normal person. The phe- 
nomenon of the narrow vertical heart is probably in 
part the result of the low position of the diaphragm, 
allowing the heart to become more dependent and 
therefore narrower. One often sees in emphysema a 
slight or moderate prominence of the left heart 
border below the aortic knuckle (aortic knob). The 
combination of relatively large hilar vessels with 
relatively small mid-lung vessels is a very important 
finding in general emphysema. In a normal person 
large hilar vessels are associated with relatively 
large lung vessels, and, conversely, small hilar 
vessels with small lung vessels. In emphysema large 
hilar vessels lead almost at once to apparent rela- 
tively small lung vessels. A third criterion for the 
diagnosis of emphysema is based on a combination of 
the first two, consisting of an excess of air giving a 
localized relatively transradiant area, together with 
few or no vessel shadows within it, indicating a bulla 
or bullous area. A bulla may be demonstrated by a 
hair-line shadow. 

Whenever widespread emphysema has been diag- 
nosed on the basis of the foregoing criteria and mor- 
bid anatomic studies have been possible, gross wide- 
spread emphysema with air obstruction has in- 
variably been found. When the emphysema is due to 
chronic bronchitis, there will also be cough and spu- 
tum. Respiratory function studies have invariably re- 
vealed severe airways obstruction, more or less ir- 
reversible, in those patients with the roentgenologic 
emphysema pattern. Once an obvious emphysema 
pattern can be seen on the roentgenogram, the prog- 
nosis is rather poor. 

A normal roentgenogram almost definitely ex- 
cludes gross widespread emphysema. The milder 
grades of emphysema, even when they are uniform 
and widespread throughout the lungs, do not cause 
abnormalities on the chest roentgenogram, but 
severe grades if widespread invariably give roent- 
genologic changes. The roentgenographic evidence 
may be misleading unless carefully correlated with 
the other findings, as when gross widespread emphy- 
sema is associated with cor pulmonale, either in 
clinical failure or on the verge of this. In this case 
one may find a large heart with relatively large lung 
vessels and a diaphragm of almost normal shape. 

There is doubt as to the development of emphy- 
sema, whether it arises as a complication of chronic 
bronchitis or is idiopathic. Only about one-third of 
patients with chronic bronchitis eventually develop 
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gross emphysema. The emphysema pattern is com- 
mon.y first seen between the ages of 45 to 60 years. 
The usual course of events after the emphysema pat- 
tern has been seen is that further roentgenograms 
over the years are unchanged, but the dyspnea gets 
worse. Many patients with severe dyspnea and evi- 
dence of irreversible ai-ways obstruction have a 
normal chest roentgenogram. The cause of the symp- 
toms may be bronchospasm, bronchial mucosal 
edema or airway obstruction from an excess of 
mucas in the more peripheral airways. 

The, author concludes that the roentgenologic 
emphysema pattern appears to be a reliable indica- 
tion of severe widespread emphysema and carries a 
poor prognosis. Clinically, a patient with cough, . 
sputum and dyspnea from chronic bronchitis may be 
indistinguishable from a similar patient with com- 
plicating emphysema.—Samuel G. Henderson, M.D. 


Reip, Lynne, and Mrutarp, F. J. C. Correla- 
tion between radiological diagnosis and 
structural lung changes in emphysema. Cin. 
Radiol., Oct., 1964, 25, 307—311. (From: Insti- 
tute of Diseases of the Chest and The Bromp- 
ton Hospital, Fulham Road, Brompton, 
London, S.W.3, England.) 


The authors give a detailed correlation of the 
pathologic severity of the emphysema and the 
roentgenologic findings. The roentgenographic ap- 
pearances were compared with the autopsy findings 
in 40 cases, of whom 37 had chronic bronchitis, 


. diagnosed on the basis of cough and sputum for more 


than 3 years. Two of the 40 cases had idiopathic 
emphysema, and 1 had primary pulmonary hyper- 
tens-on. 

The essential feature of the emphysematous lungs 
was a loss of substance, manifested first by an in- 
crease in the size of the air spaces, and secondly by 
retraction of the alveoli below the airways and ves- 
sels on the cut surface. The pathologic grading was 
made on the basis of the aize of the air spaces and on 
the degree of retraction of the alveoli. In Grade 1 the 
air spaces are abnormally large, up to 1 mm. in diam- 
eter, but retraction is slight. In Grade 11 retraction is 
striking, and the air spaces are larger than in Grade 
1. In Grade ut the air spaces may be up to ; mm. in 
diameter, and in Grade 1v there are "holes" larger 
than § mm. in diameter. 

G-ade m is the minimum severity of emphysema 
producing roentgenographic changes. When half to 
two thirds of the largest lung slice shows Grade ur 
charges, the roentgenographic appearance will be 
that of widespread empkysema. 

The following roentgenographic diagnoses of the 
40 subjects were made using Simon's criteria: no 
emphysema, 19; widespread emphysema, 10; local. 
ized emphysema, 9; and “possible slight" emphy- 
sema, 2.—Samuel G. Henderson. M.D. 
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Lansinc, ALLAN M. Radiological changes in 
pulmonary atelectasis. 4.M.4. Arch. Surg., 
Jan., 1965, 90, 52-56. (Address: 511 S. Floyd 
Street, Louisville, Ky. 40202.) 


The clinical picture of pulmonary atelectasis with 
fever, tachycardia, rapid respiratory rate and other 
features 1s often seen with negative roentgenologic 
findings. This stimulated the experimental investiga- 
tion of the time lapse factor between the actual ob- 
struction of a bronchus and the roentgenologic ap- 
pearance of atelectasis. The effect of changing the 
gas in the alveoli behind the obstruction from air to 
130 per cent oxygen was also noted. 

Dogs were used and in one group obstruction of one 
of the main stem bronchi was produced by insertirg a 
cotton plug while in a second group obstruction was 
produced by actually tying off either the right micdle 
lobe bronchus or both the right middle and lower 
lobe bronchi. Chest roentgenograms then were taken 
at periodic intervals up to and sometimes includirg a 
9^ hour period. A portion of each group of bronchial 
obstructions was hyperventilated with room air be- 
fore the obstruction was placed and the remainder of 
the group was ventilated with 100 per cent oxygen. 

Those animals with room air in the dista! bronchial 
tree behind the cotton plug began to show roent- 
genologic evidence of atelectasis in § to 48 hours with 
a median time of 12 hours. Those with oxygen present 
began to show atelectasis in from I to 12 hours with a 
more complete collapse of the lung being noted. Re- 
moval of the cotton plugs resulted in reexpansion of 
the lung in 3 to § hours with complete recovery ir. all 
cases. 

Ligation of the bronchial tree produced similar re- 
sults. The clinical appearance of atelectasis with in- 
creased temperature, heart rate, and respiratory rate 
was observed with roentgenologic changes develop- 
ing in from 1 to 5 hours in the oxygenated cases and 
in 12 to 48 hours in those with only room air present. 
This would indicate that postoperative inflation of 
the lungs should be carried out with room air rather 
than 100 per cent oxygen. 

In conclusion, it is noted that roentgenologic evi- 
dence of pulmonary atelectasis distal to a bronchial 
obstruction is not seen for at least 5 hours or more. If 
100 per cent oxygen is trapped in the alveoli distal 
te the obstruction, massive pulmonary collapse de- 
velops more rapidly. The clinical picture of pulmo- 
nary atelectasis deserves treatment despite negative 
reentgenologic findings.—Richard R. Kinzer, M.D. 


Boucot, KATHARINE R., Cooper, Davin A,, 
Weiss, WILLIAM, and CaRNAHAN, WILLIAM J. 
Appearance of first roentgenographic ab- 
normalities due to lung cancer. 7.,7.M. 4., 
Dec. 28, 1964, 790, 1103-1106. (Address: 
Dr. Boucot, 311 Juniper Street, Philadelphia, 
Pa. 19107.) 
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A tetal of 6,137 men aged 45 years or more was 
followed by semiannual photofluorograms and 
symptom questionnaires for 8 to 10 years. Seventy- 
six histologically confirmed carcinomas developed 
during this period and in 45 cases the lung cancer ap- 
peared withm g months of a normal photofluoro- 
gram. A special study of this latter group showed 
that about two thirds of the cancers arose periph- 
erally and that the first abnormalities noted were ex- 
tremely vanable. Nine were solitary nodules, § were 
frank masses, I was a homogeneous irregular density 
and 12 were small irregular infiltrates. The first 
roentgenologic findings in the cancers of central 
origin varied from minor changes in the hilar area, 
often difficult to detect, to obvious atelectasis. 

"Throughout most of the period dual reading was 
carried out and a third reader read those photo- 
fluorograms on which the first two readers disagreed. 

The authors stress the importance of over-reading 
chest roentgenograms for cancer as the first abnor- 
malities are highly variable and often unimpressive. 
Even expert readers in this series failed to agree upon 
the significance of the first abnormality in almost half 
of the “new” cancer cases.—Arthur E. Childe, M.D. 


BriGDEN, WarLacE, and RosBinson, JOHN. 
Alcoholic heart disease. Brit. M. F., Nov. 21, 
1964, 2, 1283-1298. (Address: Dr. Brigden, 
The London Hospital, London, England.) 


This report is based on 50 patients seen at the 
London Hespital and the National Heart Hospital 
between 1952 and 1963. The criteria for their inclu- 
sion im this series were a long history of a very high 
consumption of alcohol and evidence of heart disease 
which was not due to hypertension, coronary artery 
disease, valvular disease, or any other disorder 
known to cause heart disease. 

With one exception all were men; their ages ranged 
from 33 to 72 years and most were between 45 and 65 
vears. All were heavy drinkers continuously for more 
than ro years. One-third drank beer only, an average 
consumption being 15 pints a day; one-quarter con- 
sumed onls spirits at a rate of one bottle or more 
a day; and the remainder drank beer and spirits in 
large quantities. Their occupations were of interest; 
17 worked in the liquor trade or in close associa- 
tion with tt, such as barmen, waiters, etc. All had 
been examined on several occasions and had had 
roentgenolegic examination of the chest, electro- 
cardiograms, urinalyses, hemoglobin estimations, 
leukocyte counts, and many other investigations, in- 
cluding liver function test and serum protein analyses. 
Twenty-five of these 50 patients have died. Nine 
were examined at necropsy and none showed signifi- 
cant coronary disease. The majority (19) died of 
heart failure, 2 died of pulmonary embolism, and 1 of 
cancer; the cause of death was uncertain in 3. Thir- 
teen of the series were included in a previous study on 
non-coronary myocardial disease (Brigden, 1957). 
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The clinical features were evidence of cardiovas- 
cular symptoms appearing slowly over 1 to 2 years 
with gradual development of heart failure in the 
majority of patients; however, in some the onset was 
abrupt because of the development of irregular 
rhythm or an attack of paroxysmal nocturnal 
dyspnea. All had dyspnea on effort, which was thus 
the commonest symptom. In some patients this had 
been erroneously attributed to associated features 
such as obesity or bronchitis. Nearly half had had 
one or more attacks of paroxysmal dyspnea. 

Tachycardia was present whether there was sinus 
rhythm or not. Ectopic beats were common and were 
often multifocal in origin. Twenty-five patients had 
atrial fibrillation at some time. The atrial fibrillation 
was more common in the older patients in the series. 
Chronic cough was common. 

Cardiac enlargement was seen on roentgenologic 
examination in every patient. The left heart was 
primarily affected. The roentgenologic signs de- 
pended on the degree of myocardial damage and its 
resulting hemodynamic disturbance rather than the 
etiology of the process. 

Some degree of pulmonary venous congestion was 
common but pulmonary edema was not seen. Small 
pleural effusions were common as in other forms of 
congestive cardiac failure. Only 2 had recognized 
episodes of pulmonary infarction with associated 
roentgenologic features. Peter C. Truog, M.D. 


Razzak, MUHAMMAD ABDEL, Hicazi, ABDEL- 
Rauman M., and Guincis, Bape. Radio- 
cardiography in rheumatic heart disease and 
its value in selection of cases for mitral com- 
missurotomy. T. Nuclear Med., Nov., 1964, 
5, 841-863. (From: University of Cairo, 
Facultv of Medicine, Division. of. Nuclear 
Medicine, Cairo, Egypt.) 


The use of surgery in rheumatic valvular heart 
disease has made the accurate diagnosis of the site, 
type and grade of the cardiac lesion of great impor- 
tance. 

In this report of 76 patients, 64 had evidence of a 
valvular lesion and the remaining 12 suffered from 
rheumatic fever with or without active carditis. All 
had clinical, roentgenologic, radiocardiographic and 
electrocardiographic examinations. In some cases of 
mitral stenosis the results of radiocardiography were 
correlated with operative commissurotomy findings. 

A dose of 12 pe of I?! serum albumin was rapidly 
injected intravenously with the patient in the supine 
position. The radioactive bolus traveling through the 
cardiac chambers was detected by scintillation 
counters, one scintillator pointing towards the center 
of the roentgenographic heart image and the other 
being centered just medial to the apex beat. The in- 
formation was measured by 2 synchronized count 
rate meters and was recorded on a dual strip chart. 
The first detector registered the common radio- 
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cardiographic tracing, whereas the second helped de- 
fine the peak of left heart radioactivity. 

The normal radiocardiogram 1s made of two waves, 
R and L, representing the right and left sides of the 
heart, respectively. R is higher in amplitude than L, 
which is longer in duration, since radioactivity is 
diluted into the pulmonary bed before reaching the 
left side of the heart. The ascending limb of each 
wave stands for filling, whereas the descending limb 
represents emptying of the corresponding cardiac 
chambers. A dip between the two curves is caused by 
passage of radioactive material from beneath the two 
detectors into the lesser circulation, Thus the time 
interval between the peaks of R and L waves repre- 
sents roughly the pulmenary circulation time. The 
mean value which approximates closely the real 
mean pulmonary circulation time can be obtained 
by means of a formula, in the interval between the 
minimum and maximum times of a common radio- 
cardiographic curve. 

The different valvular lesions of rheumatic valvu- 
lar heart disease were found to have characteristic 
radiocardiographic patterns, depending on the site 
and degree of the lesion and the presence of an en- 
largement of the various cardiac chambers, together 
with the degree of pulmonary hypertension. 

The importance of raciocardiography in selection 
of cases for mitral commissurotomv is stressed, since 
this technique is easy to perform and readily gives an 
idea of the width of the mitral orifice as well as of the 
degree of pulmonary artery  pressure.—~Aichard 


Pfister, M.D. 


Lync, H. T., Grissom, R. L., Moorina, P., 
and KmusH, A. Complete transposition of 
great vessels: manifestation in two siblings 
confirmed at autopsy. 7..7.M..1., Dec. 14, 
1964, 790, 969-972. (Address: Dr. Lynch, 
44th. and Dewey Avenue, Omaha, Neb. 


68105.) 


The authors describe 2 siblings with complete 
transposition of the great vessels confirmed at 
autopsy, the second reported occurrence of the 
anomaly in siblings. 

Other families have been described in which com. 
plete transposition of the great vessels occurred in 
one member and other congenital heart defects in an- 
other member of the family. Complete transposition 
of the great vessels has also been shown to occur 
more frequently in males. The incidence of any con- 
genital heart disease among siblings of an affected 
propositus has been stated to increase by $ to 7 
times above the expected incidence in the general 
population; however, this may be related partially to 
selection. 

Because of these factors, the authors postulate a 
recessive mode of genetic transmission in the 2 pa- 
tients described. The question is raised whether the 
same allele responsible for the tetralogy of Fallot and 
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other truncoconal malformations could cause cam- 
plete transposition of the great vessels in a different 
environment.— Barry Gerald, M.D. 


Heckmann, K. Die frontale Diagonalaufnahime. 
(Lateral tilt [frontodiagonal] roentgenogra- 
phy for showing superior mediastinum, 
trachea and aortic arch.) Réntgen-Blatrr, 
Dec., 1964, 77, 551-558. (Address: Hapsbur- 
gerplatz 1, 8 München 13, Germany.) 


Conventional roentgenographic methods are in- 
adequate for showing the trachea, superior medi- 
astinum and aortic arch. In the sagittal projection, 
the trachea is superimposed on the thoracic spine; in 
the lateral projection, it is obscured by the over- 
lapping shoulders. Oblique projections are more help- 
ful, although the shoulders cannot always be entirdy 
eliminated. Even then, the overlapping pulmonary 
structures fail to provide a sufficient contrast density. 
Laminagrams cannot replace the conventional sum- 
mation technique because the trachea is not paral el 
to the table top in either the sagittal or the lateral 
projection. Lateral tilt (frontodiagonal) roentgero- 
grams, on the other hand, have proved adequate to 
show the trachea in two directions at right angle to 
each other. 

The technical details are as follows: In the erect 
posture, the patient tilts his body to the right as far 
as possible, so that the right shoulder leans agairst 
the lower border of an erect grid cassette. The left 
arm Is elevated with the hand resting against the 
oeciput. The central beam is directed toward the left 
midaxillary line at the level of the nipple at such an 
angle that the exit beam is in the right supraclavicu- 
lar fossa. When the patient is flexible, the central 
beam usually is horizontal; but when he is rigid, an 
upward tilt of the roentgen tube becomes necessary. 
Because of the thickness of the parts, the author uses 
a kilovoltage of 125 kvp. Transmitted aortic pulsa- 
tion of the lower trachea is negligible so that flash ex- 
posures are not necessary. 

With this technique, the trachea in its entire 
length can be visualized. In the right lateral view, 
the left stem bronchus presents an orthograde pro- 
Jection. Barium coating of the adjacent esophagus is 
recommended to enhance the contrast of the posterier 
tracheal wall.—Ernest Kraft, M.D. 


ABDOMEN 


Cummack, D. H. The diagnosis of massive 
hematemesis: the role of radiology. Brit. 7. 
Surg., Oct., 1964, 57, 744-746. (From: 
Western General Hospital, Edinburgh, Scot- 
land.) 


Upper gastrointestinal study in patients with mas- 
sivc hematemesis will define the site of bleeding in 
approximately 60 per cent of cases. Barium is found 
to be far superior to gastrografin, and no operative 
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or postoperative complications ensued due to 
barium. Examination with the mobile unit on the 
ward is not adequate, and no additional hazard to 
the patient follows examination in the X-Ray De- 
partment provided thoughtful care is taken. 

Twenty of 23 patients with massive hematemesis 
studied over a 6 month period had correct roentgen- 
ologic diagnoses, proven at surgery or postmortem 
examination. The position of blood clot frequently 
gave an indication of the site of the lesion. Where the 
stomach was involved, considerable defect was seen 
in the stomach and little in the duodenum, and in 
duodenal lesions the reverse was the case. Meticulous 
examinations occasionally revealed an artery in the 
base of the demonstrable ulcer.—Mar& D. Reiss, 
M.D. 


Pirk, F., and VurrERINOova, M. The x-ray 
picture of the small intestine and impaired 
absorption. Radiol. clin., 1964, 33, 249-267. 
(From: Institute of Human Nutrition, 
Prague, Czechoslovakia.) 

The authors compared the roentgen findings of 
small bowel examinations with their clinical and bio- 
chemical studies to see if reliable roentgen evidence 
of impaired absorption could be found. 

The patients were evaluated clinically and using 
laboratory methods to appraise the absorption 
capacity of the intestine. The roentgen evaluation 
was based upon a combination of findings, including 
the width of the small bowel loop as a measure of 
tonicity (the bowel gas pattern); the appearance of 
the mucosal pattern; the presence of hypersecretion; 
and segmentation and flocculation. The presence or 
absence of these findings and their extent enabled 
the authors to place each case in one of 4 categories 
of normal and increasing severity. 

The patients examined formed 4 groups: normal 
volunteers; routine follow-up gastrectomy patients; 
gastrectomy patients who were having some com- 
plaints and were thus seen in the department as 
being symptomatic; and a small group of malab- 
sorption syndrome patients. 

The results of the study showed that all of the 
“normal” volunteers had normal roentgen findings. 
Also, the gastrectomy patients with abnormal roent- 
gen studies had a lower than average body weight 
and more frequent clinical signs of hypovitaminosis 
and anemia. Segmentation and flocculation were not 
found to be helpful signs, due to the use of non-floc- 
culating barium. 

Comparison of the fat and nitrogen balance studies 
and the absorption tests with the roentgen findings 
demonstrated a close correlation between pathologic 
roentgen appearance and the malabsorptive state.— 


Lawrence U. Cookson, M.D. 


Bonn, M. R., and Roserrs, J. B. M. Intussus- 
ception in the adult. Brit. 7. Surg., Nov., 
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1964, 57, 818-825. (From: Royal Infirmary, 
Sheffield, England.) 


Various authors list adult cases of intussusception 
as occurring in only approximately § per cent of all 
cases. The form seen in the adult is almost exclusively 
secondary to a bowel lesion, in contrast to the more 
frequent infant intussusception which is "primary," 
although much speculation has been given to the 
role of lymphoid hyperplasia and ieocecal lymph- 
adenopathy in the etiology of intussusception in the 
infant and child. 

Intussuscepting lesions in the adult include: small 
intestine—benign neoplasm, malignant neoplasm, 
both primary and metastatic, Meckel's diverticulum; 
appendix—rarely with a mucocele; large intestine— 
benign and malignant neoplasms. 

The universal complaint was colicky abdominal 
pain, commonly associated with rectal bleeding. 

Abdominal survey roentgenogram usually shows 
evidence of intestinal] obstruction, and commonly 
outlines the tumor as a soft tissue mass. Barium 
enema study is diagnostic and shows the typical 
changes of intussusception. Although the intussus- 
ception is at times completely reduced at the time of 
the, barium enema examination, laparotomy for re- 
section of the primary lesion is recommended. 

Over a 7 year period the incidence and site of 16 
cases of intussusception in the adult were compared 
with the incidence and distribution of small and large 
bowel tumors. Three of 27 small intestinal tumors 
presented as an intussusception. Although colon 
neoplasms were much more frequent, the transverse 
colon, which was the next most frequent source of 
intussusception relative to its share of tumors, had 
less than half the incidence of the small intestine. 
Adequate motility of the bowel is an obvious neces- 
sity for the development of an intussusception, and 
thus those reaches of the intestine which have a long 
mesentery, such as the small intestine, are far more 
frequent sites of intussusception than the areas, such 
as the descending colon, which have no mesentery.— 
Mark D. Reiss, M.D. 


BucmaN, Doucras J., and Housrow, C. 
STUART. Small bowel ulceration associated 
with enteric-coated potassium chloride and 
hydrochlorothiazide. Canad. M. A. F., Jan. 
23, 1965, 92, 176-179. (From: Departments 
of Medicine and Radiology, University of 
Saskatchewan, and University Hospital, 
Saskatoon, Saskatchewan, Canada.) 


During the past year 3 cases of small bowel ob- 
struction due to localized ulceration, inflammation, 
and stenosis were seen at the University Hospital, 
Saskatoon, Saskatchewan. Considerable difficulty in 
reaching a diagnosis was observed although the pa- 
tients did have signs of incomplete small bowel ob- 
struction. At laparotomy, the lesions were found 5 
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inches above the ileocecal valve, 2 feet above the 
ileocecal valve, and about half way down the small 
bowel, respectively. Each of these 3 patients had 
taken a preparation of hydrochlorothiazide and 
potassium chloride with an enteric coating (Hydro- 
Druril-Ka). The medication, given for mild hyperten- 
sion, was taken for 26 days, 28 days, and 17 months, 
respectively. 

Two other series of similar cases have been re- 
ported, but to date there have been no reports of 
ulceration with the use of non-enteric-coated prep- 
arations of hydrochlorothiazide and potassium 
chloride. The composition of the enteric coating 
itself is suspect, and from present information, the 
lesions are produced only when hydrochlorothiazide, 
potassium chloride, and an enteric coating are com- 
bined.—Richard E. Kinzer, M.D. 


McErwain, Jack W., ALEXANDER, RICHARD 
M., and MacLean, M. Doveras. Toxic 
dilatation of the colon in acute ulcerative 
colitis. 4.M.A. Arch. Surg., Jan., 1965, 9o, 
133-142. (Address: Dr. McElwain, 4277 
Hemstead Turnpike, Bethpage, N. Y.) 


Toxic dilatation of the colon, occurring in the 
initial phase of ulcerative colitis or as an acute 
exacerbation of the disease, is one of the most serious 
complications. Since the cause is not clear and the 
treatment is not well established, the authors have 
elected to report their experience in 9 such cases. 

Four patients in this series had been given barium 
enemas within a 2 week period prior to the appear- 
ance of the toxic dilatation. Others have noted this— 
“more than casual"—-relationship and it is suggested 
that barium enema examinations should not be per- 
formed in the acute phase of ulcerative colitis. 
Opiates and anticholinergics have been blamed for 
the production of dilatation and should probably be 
avoided also. 

Toxic dilatation is an acute medical and surgical 
emergency and its presence may not always be 
obvious. Repeated flat roentgenograms of the abdo- 
men at I2 to 24 hour intervals are recommended. 
Conservative treatment beyond 2 to 5 days is not 
advised unless the white blood cell count drops and 
the dilatation decreases. The operation of choice is 
the one stage ileocoloproctectomy with permanent 
ileostomy. 

Summary of authors' cases includes symptoms, 
laboratory findings, and medical and surgical man- 
agement.—Richard E. Kinzer, M.D. 


Hunter, G. A. A case of annular pancreas pre- 
senting as a cause of acute intestinal obstruc- 
tion in the neonate. Brit. F. Surg., Nov., 
1964, 57, 875—876. (From: St. James's Hos- 
pital, Balham, England.) 


Annular pancreas presenting as intestinal obstruc- 
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tion in the neonatal period has rarely been reported 
in the English literature; therefore, a single tvpical 
case Is reviewed. 

Annular pancreas results because of failure of the 
anterior pancreatic bud to follow the rotation ot the 
foregut and consequently a ring-like configuration of 
the fused ventral and dorsal pancreatic buds occurs. 
Such a pancreas, if symptomatic in the neonatal 
period, results in high intestinal obstruction. Bile 
stained emesis is common and jaundice may occur. 

Roentgenologic examination of the upright abdo- 
men reveals the "double bubble" appearance of the 
dilated stomach and proximal duodenum. Gas shad- 
ews are absent in the remainder of the intestine. 
Aspiration of the stomach contents via a nasogastric 
tube followed by the insufflation of 3o cc. of air nto 
the stomach will aid in the roentgenologic demon- 
stration of the high obstruction. Oral barium exzmi- 
nation is contraindicated because of the possibility 
of aspiration. The value of barium enema exam na- 
tion Is not discussed. 

The differential diagnosis includes duodenal 
atresia, pyloric stenosis, duodenal volvulus, para- 
duodenal hernia and intestinal malrotation. 

Seventy per cent of the reported cases cited had 
associated anomalies including duodenal atresia, 
tracheoesophageal fistula, Meckel’s diverticulum, 
intestinal malrotation, inperforate anus, cleft palate, 
congenital heart disease, and mongolism. The mor- 
tality rate is reported as 45 per cent in these cases 
and the associated abnormalities were a major factor 
in this figure. 

The danger of fistula or pseudocyst formation 
precludes division of the pancreatic ring. In addition, 
this procedure may not relieve the obstruction be- 
cause of the possible intermingling of the duodenal 
musculature and pancreatic tissue. Duodenojejunos- 
tomy is the treatment of choice. If a sufficient length 
of duodenum cannot be mobilized, gastrojejunostom y 
is the alternative treatment; however, this does not 
always decompress the proximal duodenum and 
complications may occur in later life-—Yohn T. 
Underberg, M.D. 


Esser, G. Zur Technik der perkutanen hilär 
gerichteten Milzpunktion bei der Spleno- 
portographie. (Technique of percutaneous 
hilus-directed puncture of the spleen in 
splenoportography.) Fortschr. a. d. Geb. d. 
Rontgenstrahlen u. d. Nuklearmedizin, Nov., 
1964, 707, 495—500. (Address: Chir. Univ.- 
Klinik, 53 Bonn-Venusberg, Germany.) 


Percutaneous splenoportography can nowadays be 
done more accurately with the aid of image intensifi- 
cation and television monitoring. Thus the hazards 
of a “blind” procedure are eliminated. Anesthesia, 
however, with controled respiration still remains a 
prerequisite. The indications for its use are portal 
Irypertension and presence of gastroesophageal vari- 


Abstracts of Radiological Literature 265 


“Á 


ces. Ascites, suggesting hepatic decompensation, 
represents a contraindication. Marked meteorism 
may also impair the results of the procedure. 

An improved technique is described in detail. 

The patient is placed on the radiographic table in 
supine position with the xyphoid process in the cen- 
ter. A prel minary roentgenogram is made to deter- 
mine proper positioning, also the size and location of 
the spleen. Percussion is done to find the maximum 
dullness of the spleen. The puncture needle is intro- 
duced at the ninth or tenth intercostal space in 
midaxillars line. Its point is directed toward the 
hilus of the spleen under fluoroscopic control. The 
needle has to overcome the resistance of the splenic 
capsule ard is guided a predetermined distance 
toward the splenic vein. This is followed by a pre- 
liminary test injection of 5 to Io cc. of the contrast 
material. 

One hurdred and twenty cases were examined 
with this mproved technique. In several cases, a 
subsequent laparotomy disclosed very little intra- 
peritoneal hemorrhage with a maximum of 60 cc. in 
I case only. 

The chief advantages of the improved technique 
are short anesthesia, more accurate pressure reading, 
and better alling of the portal and collateral vessels; 
also prevertion of intrasplenic storage of contrast 
material ard absence of complications. Perforation 
of a larger vessel, however, has to be guarded against. 
This can be avoided by the subtle sensation of 


elastic resistance offered by the vessel wall.—Ernest 
Kraft, M.D. 


(GYNECOLOGY AND OBSTETRICS 


MoncaN, | oHN,and Cancer, Douc tas. Arterio- 
venous astula of the internal iliac artery and 
vein, related to trauma at childbirth. Canad. 
M. A. F., Oct., 1964, 97, 920-925. (Address: 
62 Academy Medical Building, 1812 4th 
Street, Calgary, Alberta, Canada.) 


The authors report 3 cases of arteriovenous fistula 
involving tae internal iliac artery and vein and de- 
scribe the clinical syndrome associated with this 
abnormality. All 3 cases were women who had 
pregnancy associated with delivery of large babies or 
long and dificult labor. 

Each patient had shortness of breath and/or 
fatigued easily on exertion; 2 of the 3 had large 
hearts. One had complained that the leg on the side 
later to develop the fistula had “let her down" during 
the last trimester of her pregnancy. All 3 exhibited a 
loud bruit ever the sacrum and 2 had bruit over the 
pubis as well. 

The 3 cases were operated and correction of the 
fistulae resulted in relief of fatigue and shortness of 
breath. Due to the great number of contributing 
vessels, one fistula had to be corrected by three 
approaches. 
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Based on experimental investigation, the authors 
believe that a fistula must be over 4 tach in diameter 
before clinical symptoms become P 

All fistulae were demonstrated by aortography. 
The ages of the patients were from 34 to 41 years. 

'The trauma associated with childbirth experienced 
by all 3 patients was assumed to be the chief contrib- 
uting factor to the formation of the arteriovenous 
fistulae between the internal iliac artery and vein.-- 


Sam IF, Campbell, M.D. 


Barron, L. R., Hitt, R. O., and LINKLETTER, 
À. M. X- ay pelvimetry. Canad. MAT. 
Dec. 5» N 97, 1209-1212. (From: Lachine 


ada.) 


The authors conclude that pelvimetry is of real 
value to the obstetrician in cases of definite bone 
disproportion when combined with the clinical ap- 
praisal of the patient, but in the borderline case 
radiology is not of much help, and the proper man- 
agement in such cases is a good trial of labor. 

The results of roentgenographic pelvimetry per- 
formed on 66 pregnant women, with a view to 
predicting the outcome of pregnancy, were reviewed. 

'The authors believe that pelvimetry in the later 
stages of pregnancy has no ill effects on the unborn 
baby or the mother. It is emphasized that the pelvic 
assessment should be made jointly by the radiologist 
and obstetrician.—Lugene y. McDonald, M.D. 


GENITOURINARY SYSTEM 


Ross, Girpert, Jr., Witson, Witttam jJ., 
Rosarps, Vicror L., JR., and THOMPSON, 
Ian M. High dosage excretory urography. 
J. Urol., Dec., 1964, 92, 728-731. (From: 
Section of Urology and Department of 
Radiology, University of Missouri School of 
Medicine, Columbia, Mo.) 


A study of 67 urograms of ṣo patients who had 
been given 30 cc. of £o per cent hypaque showed that 
no patient had a truly satisfactory excretory urogram 
if the serum creatinine value exceeded 3.5 mg. per 
cent. Above 3 mg. per cent, patients with active 
obstruction often had good visualization while pa- 
tients without obstruction frequently did not. The 
blood urea nitrogen in patients with satisfactory uro- 
grams was significantly higher in relation to the 
serum creatinine in the presence of obstruction than 
when renal function was stable. For this reason, the 
serum creatinine seems to have some slight advan- 
tage in predicting the outcome of excretory urog- 
raphy in the patient with obstruction. 

A review of medical records and roentgenograms 
of adult patients with known reduction in renal 
function indicates that administration of doses of 
z0-60 cc. of radiopaque urographic material con- 
siderably improves visualization of the intravenous 
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pyelograms if there is evidence of depletion of renal 
function as indicated by a creatinine level con- 
sistently higher than 1.5 mg. per cent or a Se 
urea nitrogen higher than 25 mg. per cent. In 37 
patients with a creatinine level of less than 2.5 m 
per cent, 30 cc. of radiopaque material produced 834 
per cent successful intravenous pyelograms and in 13 
patients with similar creatinine levels, 50-60 cc. of 
radiopaque material produced 35 per cent nce 
pyelograms. At blood creatinine levels of 2.53.5 mg. 
per cent, the intravenous pyelograms iow Ah Xo per 
cent success with 60 cc. of radiopaque material com- 
pared to 60 per cent with 3o cc. At blood creatinine 
levels of 3.5-4.5 mg. per cent, there was an even 
greater spread. Patients injected with 60 cc. of radio- 
pague material had 40 per cent successful pyelo- 
grams, whereas with 3o cc. none showed adequate 
visualization of the excretory passages in the urinary 
tract. 

Because of these facts and because there seemed to 
be very little increase in the hazard of using higher 
doses of intravenous radiopaque material, the au- 
thors now use 50-60 cc. of intravenous i nudus or 
conray routinely in adult patients. Laminagraphy is 
occasionally valuable if the creatinine levels are 
above 4 mg. per cent. 

The intravenous radiopaque material is injected 
slowly in the usual manner prior to the film examina- 
tion. More than 1,500 high dosage excretory uro- 
graphies have been performed without serious 
reaction and no apparent increase in the number of 
minor reactions has occurred. 

The authors include 3 tables and 1 composite 
illustration of intravenous urograms.—George W. 


Chamberlin, M.D. 


ABDULHAYOGLU, SEFIK, and MARBLE, ALEXAN- 
DER. Necrotizing renal papillitis (papillary 
necrosis) in diabetes mellitus. dim. J. M. Sc., 
Dec., 1964, 248, 623-632. (From: New Eng- 
land Deaconess Hospital [Joslin Clinic Serv- 

icel, Boston, Mass.) 


The authors report 14 cases of necrotizing renal 
papillitis (papillary necrosis) in diabetic patients; 13 
of these patients died. The surviving patient was 
found to have renal calculi in the same kidney 31 
months after having had necrotizing renal papillitis. 

The clinical course and the laboratory findings of 
the r3 patients revealed 3 different types: (a) an 
acute fulminating type; (b) a subacute type; and (c) 
a type in which the condition was an incidental find- 
ing at necropsy. 

The authors believe that due to the frequent 
association. of pyelonephritis and renal vascular 
disease with necrosis of the papillae in diabetic pa- 
tients, these are the two major contributing factors 
in the development of the lesions. 

Necrotizing renal papillitis is considered by many 
to bea form of pyelonephritis. It is generally accepted 
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that normally the papillae have less blood supply 
than the main portion of the medulla of the kidney. 
The widely held view is that ischemia of the papillae 
is the chief pathogenic factor. 

In laboratory animals, the lesion has been pro- 
duced by ligating the renal vein in rats, by ligating 
one ureter of rabbits followed by intravenous injec- 
tion of a pathogenic organism and also by merely 
ligating the ureter of mongrel dogs. 

The diagnosis of necrotizing renal papillitis has 
most often been made at postmortem examinations. 
The authors state that only 4 of their 13 fatal cases 
were diagnosed before death: 3 of these were of the 
acute fulminating type and the fourth of the sub- 
acute type. In their 13 cases, 2 had excretory urog- 
raphy; retrograde pyelography was done in 2. None 
ef the authors’ patients had obstructive uropathy, 
which in the past was accepted as one of the most 
:mportant etiologic factors. The involvement can be 
unilateral or bilateral. Six of the patients showed the 
night kidney to concentrate and excrete dye better 
than the left kidney.—Peter C. Truog, M.D. 


WiLLiaMs, J. L., and Fisuer, M. The radio- 
active Isotope renogram and urinary obstruc- 
tion. Brit. J. Surg., Nov., 1964, 57, 825-827. 
(From: Department of Urology, Royal Hos- 
pital, Shefheld, and Regional Medical Phys- 
ics Department, Sheffield, England.) 


Thirty-eight patients, the majority having uni- 
lateral hydronephrosis, were studied by renography; 
20 uc of I?! hippuran was administered several hours 
after a blocking dose of Lugol's solution. The ap- 
paratus and method used were similar to those 
previously described. The rate of I! hippuran excre- 
tion was substantially reduced only in bilateral 
hydronephrosis and consequently the radiation cose 
to the patient was generally estimated to be small. 

The normal curve recorded following intravenous 
injection of hippuran I?! consists of a rapid rise to a 
maximum in 3-5 minutes and followed by a slower 
decline. The initial upward curve represents vascular 
fow and tubular secretion. The maximum height of 
the curve is lowered by diuresis and vasoconstriction 
and increased by vasodilatation, but the normal con- 
figuration is maintained. 

In hydronephrosis the curve continues to -ise 
above the normal peak due to an accumulation of 
lippuran and may not fall even after 1 hour. The 
degree of function of the kidney can be assessed by 
comparison of the normal and abnormal sides. Ia a 
normally functioning hydronephrotic kidney the 
initial rise is similar to the opposite side, whereas in 
a less well functioning kidney the curve rises more 
gradually. Even a minimal rise in the curve indicates 
renal function, as in a nonfunctioning kidney the 
curve falls due to the declining blood activity. 

The time of fall in the curve cannot be correlated 
with renal function as several factors, including -he 
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patiemt's degree of hydration, influence the fall-off. 
Also, the presence of a dilated renal pelvis, into which 
the hippuran is excreted and diluted by already 
presemt urine, masks the rate of urine flow even if it 
is normal, and so the decline in the curve is delayed. 

This factor is also of importance in the postopera- 
tive evaluation of the kidney because, should the 
dilated pelvis persist after relief of the obstruction, 
the tracing will still show an “obstructive pattern" of 
a delayed peak and slow decline. 

In uremia the renogram may indicate a dilated 
upper urinary tract and suggest the degree of renal 
function. 

Several renogram tracings are illustrated in the 
article.—7eAn T. Underberg, M.D. 


Loken, Merte K., Sraas, Epwarp V., 
VeERNIER, Ropert L., and KELLv, WILLIAM 
D. Radioisotope renogram in kidney trans- 
plants. 7. Nuclear Med., Oct., 1964, 5, 807- 
31c. (From: Departments of Radiology, 
Pediatrics and Surgery, University of Minne- 
sota Hospitals, Minneapolis, Minn.) 


The authors describe the application of radioactive 
renography to follow the clinical course of patients 
who have received kidney transplants. Serial reno- 
grams are obtained immediately postoperatively, 
every 24 hours after surgery for 1 week and at 
various times thereafter. The report is based on 15 
patients who were given varying doses of steroids 
and other :mmunosuppressive agents to prevent a 
rejection reaction of the renal transplant. 

One brief case history including serial renography, 
blood and urine chemical determinations and im- 
munosuppressive drug therapy schedule is presented. 

It is to be noted that the renographic pattern does 
not always correlate with the clinical status, as ab- 
norma! patterns persist despite improvement in 
urine output and blood chemistries. 

The most consistent pattern seen during a renal 
injection reaction is gradual depression of the func- 
tional peak and an excretory phase, either delayed 
and, or elevated. 

A dese of 20 uc of I?! hippuran is administered 
intravenously with the patient in the supine posi- 
tion. The probes are placed over the lower anterior 
abdominal-pelvic area as the kidneys are trans- 
planted into the anterior iliac fossae. However, in 
smaller patients the probe position is more critical 
because of background activity from the urinarv 


bladder.—Azchard Pfister, M.D. 


DE Bernarpi, F., and Spaziante, G. Re- 
covery of the renal function after surgical in. 
tervention. Radiol. clin., 1964, 33, 217-222. 
(From: Istituto di Radiologia e Radium- 
terapia, Ospedali Riuniti "S. Giovanni di Dio 
e Ruggi D’Aragona,” Salerno, Italy.) 
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Ín the course of pyelographic studies, the findings, 
at times, may seem such as to warrant nephrectomy. 

'The authors report 2 cases in which good recovery 
of renal function occurred after conservative therapy. 
One case had a large branched renal calculus and the 
other a polycystic kidney. They point out the value 
of renal arteriography in assessing the parenchymal 
lesions and place special emphasis on the late nephro- 
gram. They also mention several other cases of good 
recovery in which the renal function was poor. 

The patients, in whom nephrectomy appears the 
ultimate choice, may develop reversible changes. 

It is felt that arteriography usually provides the 
answer as to whether less drastic surgery is indicated. 
—Robert E. Brubeck, M.D. 


PALUBINSKAS, A. J., PERLOFF, DOROTHEE, and 
Wy, E. J. Curable hypertension due to 
renal artery lesions. Radiol. clin., 1964, 33, 
207—216. (From: Departments of Radiology, 
Medicine, and Surgery, University of Cali- 
fornia School of Medicine, San Francisco, 
California.) 


The distinctive roentgenologic features and the 
results of corrective surgery for the major lesions of 
the renal artery responsible for secondary hyperten- 
sion are'described. A group of 167 hypertensive 
patients with renal artery lesions seen at the Univer- 
sity of California Medical Center, San Francisco, 
since 1952, are used for the study. The types of renal 
artery lesions are divided into § groups. 

The clinical and physical findings associated with 
most positive studies included: a recent onset of the 
hypertension with the elevation in blood pressure 
beginning at an age of less than 20 years or more 
than so years, increasing severity of the hyperten- 
sion, malignant hypertension with papilledema, bruit 
over the epigastrium or flank, and evidence of 
atherosclerosis obliterans involving the abdominal 
aorta. 

(1) Atherosclerotic narrowing of the renal artery, 
usually occurring at the orifice, was found in 77 
patients. The male to female ratio was approximately 
I.5:1, with a mean age of 57 years. The lesion was 
bilateral in about one-half of the patients. Usually, 
atheromatous plaques were also seen in the abdom- 
inal aorta and its major pelvic branches. Fifty-one 
of the patients had surgery. Endarterectomy was the 
most common procedure performed; however, 
nephrectomy or a splenorenal shunt was the elected 
procedure in a few patients. Of the 51 patients who 
underwent surgery, the blood pressure returned to 
normal in 18 per cent; 27 per cent had definite im- 
provement; 27 per cent had no persistent lowering of 
their blood pressure; and 22 per cent died. Three 
patients had insufficient follow-up. 

(2) Sixty-six cases of fibromuscular hyperplasia 
were seen and 86 per cent were women. Narrowing of 
the main renal artery due to fibromuscular hyper- 


Abstracts of Radiological Literature 


May, 1965 


plasia usually occurred in the middle and distal 
thirds. The location and extent of the lesion deter- 
mined the surgical procedure and the remediability. 
A corrective surgical procedure was performed ‘on 38 
of the 66 patients. The blood pressure became normal 
in £o per cent of the 30 patients who had sufficient 
follow-up. The blood pressure decreased, but did not 
return to normal in 20 per cent. Surgery did not 
cause any significant improvement in 27 per cent. 

(3) Combined atherosclerosis and fibromuscular 
hyperplasia was found in 7 patients. The athero- 
matous narrowing was found in the proximal portion 
of the renal artery, whereas the narrowing due to 
fibromuscular hyperplasia was found in the more 
distal portions. All were older women except one 27 
year old male. Two cases were operated upon, but 
the results are not reported. 

(4) Six patients had a diminutive renal artery with- 
out an isolated area of narrowing. There was an 
associated hypoplastic or atrophic kidney in these 
cases, Nephrectomy was performed in 2, with the 
blood pressure returning to normal in 1. No distinc- 
tion could be made between primary and secondary 
reduction in size of the renal artery. 

(5) The fifth group included 11 hypertensive pa- 
tients with miscellaneous renal artery lesions. The 
lesions reported comprise: 2 cases of primary renal 
artery thrombosis; 1 of renal artery occlusion from 
multiple systemic emboli; 1 of diffuse intimal hyper- 
plasia; 1 of intimal fibrosis; 4 of aneurysm of the 
renal artery unassociated with fibromuscular hyper- 
plasia; 1 of arteriovenous fistula; and 1 of dissecting 
aneurysm of the aorta with involvement of the renal 
artery orifice. 

The authors state that earlier renal arteriographic 
examination and the advances in reconstructive 
arterial procedures should increase the number of 
good operative results obtained in unexplained hy- 
pertension.—Zvurett E. Smith, M.D. 


Kaiser, THOMAS F., and Farrow, FRANKLIN 
C. Injury of the bladder and prostatomem- 
branous urethra associated with fracture of 
the bony pelvis. Surg., Gynec. © Obst., Jan., 
1965, 720, 99-112. (From: Deaconess Hos- 
pital, Emergency Hospital, and Sisters of 
Charity Hospital, Buffalo, and Division’ of 
Urology, School of Medicine, State Univer- 
sity of New York, Buffalo, N. Y.) 


Lower urinary tract trauma resulting from pelvic 
fractures has become much more frequent with in- 
creased automobile travel, and while previously 
almost endemic to areas of heavy industry, this type 
of injury is now nationally dispersed. 

. Although the distended bladder can be ruptured 
by a sudden force, with or without fracture, the 
nondistended bladder and prostatomembranous ure- 
thra cannot be injured by a nonpenetrating force, 
unless the pelvic circle is broken. One of every 10 
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patients with disrupting fracture of the pelvis will 
have an associated rupture of the bladder or prostato- 
membranous urethra. 

The great majority of bladder ruptures are 
extraperitoneal in type, and occur on the antericr or 
anterolateral surface near the bladder neck. Intra- 
peritoneal rupture is less frequent and may occur in 
distended bladders without the presence of fracture. 
The unequivocal diagnosis of extraperitoneal or 
mtraperitoneal rupture is impossible from clirical 
examination alone. 

Retrograde cystography is rapid, safe, and aecu- 
rate. In extraperitoneal rupture the medium is seen to 
extravasate near the bladder neck, but may not be 
visualized 1f an inadequate amount or concentration 
of the contrast material has been injected. In intra- 
peritoneal rupture the cystogram is typical, with the 
opaque material assuming an hourglass configuration 
with the partially filled bladder as the lower half and 
the medium in the pelvic peritoneal cavity as the 
upper half, and with contrast even outlining bewel 
loops. 

Prostatomembranous urethral rupture may be 
diagnosed on rectal examination by the prostate 
being retracted out of its normal position and a 
boggy, Huctuant mass palpable in its place. Although 
a urethrogram is not necessary for diagnosis, urethro- 
cystograms are recommended for confirmation as 
well as the possibility of bladder damage. 

The “teardrop bladder” is a configuration where 
the bladder is compressed and lifted out of the pelvis 
bv laceration of lateral pelvic vessels and muscles 
and subsequent hemorrhaging into the pelvic basin, 
and is not strictly a traumatic injury of the bladder. 
In this instance no surgery is indicated and the 
bladder returns to its normal position and contour 
spontaneouslv within a period of 2 weeks. 

With bladder or prostatomembranous urethral 
rupture immediate operation is imperative. The de- 
tailed surgical management is outlined.—Mar£ D. 


Reiss, M.D. 


BLOOD AND LYMPH SYSTEM 


CHor, Jae Key, and Wiepemer, Hatt S. 
Chyluria: lymphangiographic study and re- 
view of literature. 7. Urol., Dec., 1964, 92, 
723-727. (Address: Dr. Wiedemer, 335 
Glassner Avenue, Mansfield, Ohio.) 


Chyluria has been classified in two forms: the 
parasitic (tropical) and nonparasitic (nontropical), 
based on etiology. In the former the lymphatic 
blockage is most commonly caused by Filaria but 
other parasitic diseases have also been incriminated. 
Nonparasitic chyluria is less common and may be 
associated with trauma, infiltrating neoplasm, infec- 
tion, or congenital defects. A few cases have been 
reported in association with tuberculous periton tis, 
diabetes, and bronchial asthma. As a result of one or 
more of the etiologic factors, there 1s valvular in- 
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competency with dilatation of the normal lymphatic 
channels, resulting in a free flow of chvle from the 
intestmal tract to the urinary tract or 1n a reverse 
direction. 

The authors report a patient believed to have the 
nontropical form of hematochyluria. This patient 
had intermittent severe chyluria over a period of 28 
years. During the latter number of years of his ill- 
ness, he had rather marked hematochyluria. His 
past history showed bronchial asthma but no ex- 
posure to tropical diseases. The lymphangiogram 
demonstrated marked telangiectasis of the lymphatic 
vessels in the paraaortic region and in the hypogas- 
tric and sacral groups. The femoral and inguinal 
lymph nodes were incompletely opacified and there 
was am anastomosis with the renal lymphatics as 
demonstrated by the combined |ymphangiogram and 
excretory urogram. The site of the lymphatic block 
appeared to be the level of the thoracic duct. 

The eticlogy, pathogenesis and treatment of 
chyluria are discussed, and the authors include 3 
illustrations of the lymphangiograms.—George W. 


Chamberlin, M.D. 


KisHrMore, T'Akasuri, Higuchi, TERvo, ENDO, 
Mixonr, and Kar, Yosio. Lymphography in 
a patient with unilateral chyluria. F. Urol., 
Nor., 1964, 92, 574-578. (From: Department 
of Urology, Self-Defense Forces Central 
Hospital, Tokyo, Japan.) 


This report includes a study of 2 patients with 
post-fi aria chyluria or hematochyluria. In one pa- 
tient a retrograde pyelogram demonstrated large 
dilated lymphatic vessels extending from the peri- 
calyceal structures of the kidney into the retro- 
peritoneal lymph nodes. An immediate lymphangio- 
gram then showed the connection between the 
retroperitoneal lymphatic vessels and the renal 
lymphatic vessels. Following surgical removal of all 
of the dilated lymphatics in the renal hilus, the 
chylura cleared and the subsequent retrograde 
pyelogram showed no evidence of a lymphatic anas- 
tomoss. 

In a second case, the lymphatics extending from 
the retroperitoneal area to the kidney were demon- 
strated by lymphography. 

In patients with chyluria due to filariasis, the 
principal lesions are found in the lymphatics of the 
pelvic, Jumbar and retroperitoneal regions. In some 
instances, however, the entire lymphatic system in- 
cluding the thoracic duct is extensively involved. 
The lymphatic vessels lose elastic tissue as they 
dilate and the walls become thickened and the 
valves incompetent. Thickened walls, incompetent 
valves, and reactive as well as cicatriceal changes 
develop, leading to obstruction of the afferent 
lymphatics. The degree of visualization may be quite 
variable, reflecting the extent of the underlying 
pathobgic process. 
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Measurements to control chyluria include a low 
fat diet, bed rest, medication, and instillation or 
irrigation of the renal pelvis with a sclerosing agent 
and surgery. The surgical method of choice appears 
to be removal of all of the lymphatics around the 
renal vascular pedicle. 

The authors include 3 illustrations of the lymph- 
angiograms.—George W. Chamberlin, M.D. 


SKELETAL SYSTEM 


EEcKELS, R., VINCENT, J., and SEYNHAEVE, V. 
Bone lesions due to smallpox. drch. Dts. 
Childhood, Dec., 1964, 39, 591-597. (From: 
Departments of Paediatrics and Anatomy, 
Levanium University, Léopoldville, Congo 
Republic, Africa.) 


The authors report 3 cases of osteomyelitis 
variolosa in which they had the opportunity of per- 
forming a histologic study of bone. 

The patients varied in age from 2 years 2 months 
to 6 years. These children developed painful swell. 
ings of the arms and legs when the skin lesions were 
healing. Roentgenologic studies revealed strikingly 
symmetric involvement of the distal parts of the 
humeri, the radii, the ulnae and metacarpals, and the 
tibae, fibulae, and metatarsals. The other bones were 
normal. There were severe, generalized periosteal 
reactions along the shafts of the involved bones as 
well as multiple areas of patchy destruction, especi- 
ally around the wrists and ankles. Narrow bands of 
translucency underlay the cartilaginous plates of 
some of the metaphyses. Follow-up roentgenograms 
showed diminution of the periosteal reaction, over- 
all densification of the whole bone and progression of 
the epiphyseal and metaphyseal destruction. 

Histologic examination indicated the primary 
bone lesion to be a proliferating arteritis, leading to 
fibrosis, necrosis, and bone resorption. A bacterial 
etiology was thought to be unlikely.—/friàur E. 
Childe, M.D. 


Gortval, PETER, and Roper, ANTHONY. 
Pott’s disease with congenital anomalies of 
the spine. Brit. T. Surg., Nov., 1964, 57, 841— 
845. (From: Mpilo Central Hospital, Bula- 
wayo, Southern Rhodesia.) 


. Tuberculous osteomyelitis of the spine is common 
in Africa. Two cases of unproven, but presumed 
tuberculous abscess associated with congenital spinal 
anomalies are reported. 
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The first case was a 14 year old African female 
with a gibbus of the lower cervical spine roentgeno- ` 
graphically resembling a Klippel-Feil deformity. 
Paraplegia had recently occurred and the patient 
was hospitalized. Bed rest and antituberculous 
chemotherapy were ineffective; therefore, an antero- 
lateral decompression of the lower cervical cord was 
done with subsequent recovery of the patient. The 
early operative approach to the treatment of para- 
paresis in such a case is advocated. 

The second case was a 22 year old African male 
with a spinal deformity and cold paravertebral 
abscess which was drained and treated with anti- 
tuberculous chemotherapy. A draining sinus devel- 
oped which yielded Staphylococcus aureus, Roent- 
genograms revealed a 90° mid dorsal kyphoscoliosis 
with a large paravertebral abscess and two patho- 
logic rib fractures. Since chemotherapy was ineffec- 
tive, an anterolateral decompression was performed, 
a 300 ml. cavity drained and a sequestrum having 
the appearance of a hemivertebra removed. The 
patient recovered. The hemivertebra and rotation of 
the spine indicated that the spinal deformity was 
congenital in origin. 

Spinal deformity and paraplegia should suggest 
the diagnosis of Pott's disease. Tuberculosis of the 
spine characteristically produces kyphosis, and lateral 
angulation may also be present; however, there is 
neither true lateral curvature or rotation of the 
spine. In advanced disease the adult spine tends to 
become stabilized by the development of a bony 
anterior fusion. 

The etiologic agent in chronic spinal infections 
may, more rarely, be Staphylococcus pyogenes, 
Escherichia coli, or Brucella melitensis.—Yohn T. 
Underberg, M.D. 


Downs, W. J. Multiple pseudocystic tubercu- 
losis of bone. Canad. M.A.J., Dec. 12, 1964, 
QI, 1275-1277. (From: Aberhart Memorial 
Sanatorium, Edmonton, Alberta, Canada.) 


The author reports a case of pseudocystic tuber- 
culosis of bone in a 32 year old woman with multiple 
rounded, or oval, translucencies of skull, ribs, right 
clavicle and ilium. Both of the eleventh rib abscesses 
were proved to be due to M. tuberculosis bacterio- 
logically. Gastric lavage was also positive, although 
there was no gross pulmonary disease. Guinea-pig 
inoculations were similarly positive. 

Under treatment for tuberculosis there was 
marked improvement clinically but the roentgeno- 
logic findings did not change.— Peter C. Truog, M.D. 
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POSTIRRADIATION SIALADENITIS 


A STUDY OF THE CLINICAL FEATURES, HISTOPATHOLOGIC 
CHANGES AND SERUM ENZYME VARIATIONS FOLLOWING 
IRRADIATION OF HUMAN SALIVARY GLANDS 


By HASKINS K. KASHIMA, M.D.,*; WILLIAM R. KIRKHAM, Pu.D., M.D.,** and 
J. ROBERT ANDREWS, M.D.* 


BETHESDA, MARYLAND 


SYNDROME of acute swelling, ten- 

derness and pain which subsides 
within a tew days has been long recognized 
as a sequel of irradiation of the major sal- 
rary glands. In 1911 Bergonie and Speder? 
described 10 instances of salivarv gland 
swelling occurring a few hours after radia- 
tion therapy. Ceresole’s’ report of 1912 
remains one of the most complete descrip- 
tions of the postirradiation reaction of the 
salivary glands. He noted that 21 of 84 
patients receiving radiation to the head and 
neck regions had salivary gland tumetac- 
tion which began 5$ to 6 hours after irradia- 
aon, reached a maximum at 8 to 12 hours, 
remained another 5 to 6 hours, and then 
disappeared rapidly. Desjardins? observa- 
tion that '*. . . With the exception of Cere- 
sole,..., nearly all those who have men- 
tioned the subject have done so only inci- 
dentally and have failed to distinguish the 
early from the late reactions ...” is as 
applicable todav as it was in 1931. 


Studies of the reaction of the salivary 
glands of animals to irradiation have been 
confined largely to histologic observations. 
Although the late histologic sequelae of 
human salivary glands exposed to radia- 
tion have been recorded," descriptions of 
acute alterations are uncommon. 

Clinical radiotherapy studies! on pa- 
tients with malignant neoplasms of the 
naso- and oro-pharynx have provided a 
unique opportunity to observe and study 
the short term effects of radiation on sal- 
ivary gland tissue. 


METHODS 

PATIENTS 
The patients studied had malignant 
neoplasms of the naso-, hvpo-, or oro- 
pharynx. The clinical descriptions and the 
serum chemical changes to be considered 
were made on the 33 patients listed in 
Table 1. There were 4 categories of patients. 
Fighteen were patients participating in a 
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time-dose radiation study from July, 1960 
to July, 1963. These patients received 1,500 
to 2,750 rina single treatment session. Five 
were from a group of patients who received 
large single doses of radiation 24 hours prior 
to surgery. Five patients, who were hospi- 


talized at the National Naval Medical 
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Center (NNMC), were selected for study 
because they received tumor irradiation in 
the dose range of conventional therapy. 
The remaining 5 patents were seen on a 
consultative basis by the Radiation Ther- 
apy Service and were irradiated according 
to the dictates of the clinical situation. 


TABLE I 


EN 


PATIENTS, RADIATION FACTORS AND SERUM AMYLASE CHANGES FOLLOWING IRRADIATION 





Serum Ámylase 


Radiation Therapy | (Somogyi Units) 





t Treated ¢ 5,700 r 4 years earlier, 
$ Previous excision. 


Patient, Age/Sex Diagnosisf Salivary Gland Maximum 
Unit No. Mass Exposed Pre-irra- Post- 

— diation | irradiation 

<50% | 25095 Response 
JA 04-05-07 £8/M | EC, pharynx X E 125 1,926 
BB 04-77-34 31/F EC, tongue 'X 120 1,660 
MB 03-17-20 | 42/F | EC, nasopharynx] x (113) 481 
RB 03-63-41 48/M | Ly, tonsil x - 126 1,800 
HC 04-11-32 48/M | EC, pharynx x | 116 444 
HC 03-72-85 71/M | EC, soft palate X. (113) 1,625 
WD ocor-20 | 74/M | EC, cheek$ x " 283 1,250 
GD 03-94-60 $3/M | Ly, palate x 2 ee 746 
HF 03-38-66 £6/M | EC, pharynx Xx. (113) 2,840 
EF 04-03-16 42/F EC, tongue X . 145 1,510 
DG 04-19-94 40/F Le, tongue x 80 1,923 
BG 03-73-93 17/M | EC, tonsil X. 59 1,840 
‘CG 03-36-11 55/F EC, tongue x 72 2,230 
JH 04-48-78 | 43/F | EC, pharynx x 243 5,800 
CH 04-og-11 | 63/M | UC, parotid x (113) 842 
E] 04-17-98 :£9/M | EC, piriform sinus$ X 277 2,080 
GK 01-49-24 62/F EC, soft palate xc 105 1,260 
MK 02-96-21 67/F MEC, minor salivary§ X 112 2,630 
GM 03-48-86 £66/M | EC, larynx X ibas 68 181 
SM 04-80-38 74/¥ EC, buccal mucosa x, 124 260 
AN 04-35-51 47/M | EC, buccal mucosa Dee 85 1,180 
RP 04-43-89 | 52/F | EC, gingiva g: (113) 9,300 
HP 04-46-39 64/M | EC, piriform sinus|| X ee 198 1,140 
RP 04-81-95 58/M | EC, larynx x 77 1,760 
ER 04-91-75 60/F EC, tongue x 69 1,320 
RS 04-09-09 ;53/M | EC, palate x 80 5,245 
WV 03-65-56 £5/M | EC, floor of mouth x 110 1,600 
LW 01-40-05 77;/M | EC, epiglottis X 69 260 
LD 12463 | 4j/F | EC, tongue x 135 211 
EL 36-63** 25/M | Lymphoma x 67 473 
JL 106-63" 52/F EC, pharynx x 106 386 
LL 10363" 60/M. | Melanoma X (113) 159 
CM 114-63** | -§4/M_ | Ad, parotid x 149 190 

* Cobalt 60 source. ] Previous laryngectomy. 
1 EC—epidermoid carcinoma. ** NNMC patients. 
Ly—lymphoma. UC—undifferentiated carciroma. 
Le—leukemia. Ad—adenocarcinoma. 


MEC-—mucoepidermoid carcinoma. 
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The histopathologic observations were 
made on 22 consecutive patients participat- 
mg in a presurgical irradiation study. It 
should be noted that only 5 of these pa- 
tients are included in the previously de- 
scribed group although the clinical features 
were evident in each irradiated patient. Of 
this group, 16 patients received 1,000 to 
2,000 r in a single treatment session, 24 
hours prior to having radical excision of the 
tumor and lymph node bearing tissues. Six 
patients of this group had similar surgical 
therapy but were sham irradiated 24 hours 
prior to surgery. 


RADIATION 


All but 2 patients who received radiation 
therapy were treated by a Van de Graaff 
Generator operating at 2.0 mev. (half value 
layer 12 mm. Cu at a focal-skin distance of 
110 cm.), delivering a constant exposure 
rate of 75 r per minute. All patients re- 
ceived a single exposure of radiation while 
being studied and fractionated therapy was 
not used except in those few additional 
cases in which the fractionation of the dose 
is made clear in the text. The patients were 
treated while seated in a Franklin rotating 
chair, which was stationary in all instances. 
The patient’s head was immobilized and 
the treatment field was continuously moni- 
tored by television control of the transmit- 
ted beam.’ 

Two patients from the National Naval 
Medical Center were treated by radiation 
trom a cobalt 60 source (half value layer 11 
mm. Pb, focal-skin distance 55 cm., dose 
rate 36 r per min.). The radiation charac- 
teristics are judged to be sufficiently similar 
to those of the 2.0 mev. Van de Graaff Gen- 
erator to allow inclusion of these patients in 
this study. 


CHEMICAL EVALUATION OF SERUM 


The sera, except for the 3, 6, 9 and 12 
hours postirradiation samples, were all 
obtained with the patient in the fasting 
state in the morning. Serum amylase, li- 


pase, SGOT, SGPT and alkaline phospha- 
tase were determined by the chemistry 
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section of the Department of Clinical Pa- 
thology at the National Institutes of 
Health. Lactic acid dehvdrogenase (LDH) 
was determined by the authors according to 
the Berger-Broida modification of the 
method cf Wroblewski.'? The serum amy- 
lase method used is that of Van Loon eż al. 


HISTOPATHOLOGY 


Tissues from all 22 patients in a double 
blind preoperative radiation study group 
were evaluated. The surgical specimen 
included the submaxillary gland and the 
lower pole of the parotid gland in most 
cases. The sublingual and minor salivary 
glands also were available in some speci- 
mens. 

The surgical specimens were fixed in 
formaldehyde and sections stained with 
hematoxylin and eosin. The 22 cases were 
evaluated as a group. 


STALOGRAPHY 

Parotid sialography was done by the 
cannulation of Stensen’s orifice with a 
plastic catheter and injecting hypaque 
solution until appearance of the character- 
istic parotideal pain; 1.0 to 1.5 cc. was the 
usual amount injected. Roentgenograms 
were taken with the catheter in place and, 
following preliminary inspection of these 
films, the catheters were withdrawn and the 
patient was allowed to draw upon a freshly 
cut lemon. Repeat roentgenograms were 
taken at ; minutes and 24 hours after this 
stimulation to check for evacuation of the 
contrast medium. 


RESULTS 
I. CLINICAL OBSERVATIONS 
The earliest and an invariable complaint 
by the patients was that of drvness of the 
mouth. It usually occurred between 2 and 
6 hours after irradiation. In patients re- 
ceiving less than 1,000 r this complaint was 
elicited by interrogation, although its ap- 
pearance was often delayed bevond 6 hours. 
Parotideal pain and tenderness appeared 
at 4 to 6 hours after irradiation. Noticeable 
enlargement of the parotid and submaxil- 
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lary glands occurred simultaneously and 
often was of gigantic proportions. This 
swelling appeared to reach its maximum 
beiw the twelfth and twenty-fourth 
hours after irradiation and then rapidly 
subsided. Patients complained variously of 
tingling or burning sensations over the 
glands and of tightness of the facial skin. 
The latter complaint was common in pa- 
tients with the greatest degree of swelling. 

Physical examination disclosed exquisite 
tenderness to palpation over the swollen 
salivary glands. This was regularly most 
marked in the infra-auricular portion of the 
parotid gland and frequently was present 
within the first hour after irradiation. The 
submaxillary gland enlargement was often 
of impressive proportions and the glands 
were tender to palpation. The glands were 
frm and without discernible edema. In 
many instances the mandibular angle was 
obscured by the swelling and, in almost all 
respects, these patients mimicked the text- 
book picture of epidemic parotitis. 

Temperature elevation was rare. Five of 
the 28 patients had peak temperatures in 
excess of 38^ C. during the 24 hours after 
irradiation. Two of these were being treated 
for infections and had been having tem- 
perature elevations in this range before the 
radiation exposure. In 8 patients a periph- 
eral white blood cell count was performed 
at 24 hours after irradiation. Only one had 
a leukocvtosis (11,200); this, however, is 
one of the previously mentioned patients 
who was receiving treatment for a svstemic 
infection and had a peripheral white blood 
cell count of 10,000 immediatelv prior to 
irradiation. 

The postirradiation stomatitis, com- 
monly known as mucositis by radiothera- 
pists, is a regular sequel to radiation of the 
oral cavity. Edematous mucositis was 
noticeable within the first day in the pres- 
ent group of patients and the other changes 
consisting of erythema and the characteris- 
tic epithelial patches appeared by the end 
of the first week. 

Itis emphasized that, despite the dramat- 
ic appearance and severity of the clinical 
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reaction, simple symptomatic care alone 
was sufficient to provide comfort for these 
patients. By the third day the salivary 
gland reaction, as manifested by swelling, 
was largely gone although tenderness to 
palpation persisted for as long as 7 days in 
some cases. 


2. SERUM CHEMICAL OBSERVATIONS 


Amylase. The patients, radiation factors 
and serum amylase values are listed in 
Table 1. Baseline values of serum amylase 
were obtained in 23 patients (56 separate 
determinations). The mean values for 
amylase ranged between 68 units (G.M., 

3-48-86) and 283 units (W.D., oo-o1-20). 
An operation entering the parotid gland 
had been performed 14 days prior to the 
determination in thelatter patient and may 
have played a role in his high serum amy- 
ae value. Patient H.P. (o4- 46-39) and 

E.J. (04-17-98) were recuperating from 
radical neck dissection operations which 
may have contributed to their elevated 
serum amylase levels. There is no sugges- 
tion as to the cause of the pre-irradiation 
hyperamylasemia in J.H. (04-48-78). 

The arithmetic mean of serum amylase 

values of the entire group, prior to irradia- 
tion, was 124 +14 Somogyi units (S.E.); the 
geometric mean was 113 Somogyi units. 
Values of both are well within the limits of 
normal (60-160 Somogyi units). 

The geometric means of the serum amyl- 
ase values after irradiation are represented 
graphically (Fig. 1) and describe a marked 
and transient elevation. A sharp rise is 
clearly evident by the third hour after 
irradiation. The peak elevation occurred 
between the ninth and thirty-sixth hours, 
at which times the mean serum amvlase 
values ranged between g to 18 times the 
pre-irradiation values. The peak serum 
amylase was 9,300 Somogyi units observed 
in patient R.P. (04-43-89) at 9 hours after 
irradiation. The serum amylase receded 
sharply after the second postirradiation 
day and values in the normal range were 
the rule by and after the fourth day. 

All enzyme analyses subsequent to the 
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fifth postirradiation day have been grouped 
together. Most of these samples were ob- 
tained at the time of a follow-up examina- 
ton in the outpatient department. In all, 
there were 38 separate determinations on 
16 patients. The arithmetic mean serum 
amylase in this follow-up period was 99 +18 
Somogyi units. The geometric mean was 83 
Somogyi units. Again, as was the case w th 
the pre-irradiation determinations, these 
values are within the normal range. Appli- 
cation of Student's t test failed to demon- 
strate any significant difference between 
the pre- and postirradiation means (t 
0,1986, fosa). 

To allow further analysis of the data, 
each patient's serum amylase response was 
expressed in terms of a log ratio, 

peak postirradiation serum amylase 


og ; VESS 
mean pre-irradiation serum amylase 





(hereafter referred to as the geometric 
ratio). Each patient, thus, served as his 
own "control." In the 6 cases in which 


10,000 


1,000 


SERUM AMYLASE IN SOMOGYI UNITS ( Means) 


(33 PATIENTS) 





PRE 3 6 9 I2 24 36 48 72 96 I20  »I20 


POST IRRADIATION - HOURS 


Frs. 1. Serum amylase response following irradia- 
tion. Hatched area indicates the normal range of 
serum amylase. 
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Fic. 2. Serum amylase response as related to salivary 
gland mass irradiated. 


pre-irradiation sera were not available, the 
over-all pre-irradiation mean 113 was used. 
The ratios transformed to log values ap- 
pear to be distributed normally. 

Amylase Response As Related to Volume 
of Salivary Mass Irradiated. From the 
therapy records 1o patients were judged to 
have had less than half of the gland mass 
irradiated; 23 patients had more than half 
of the gland mass irradiated (Table 11). The 
means of the geometric ratio calculated to 
0.660 in the former group and 1.131 in the 
latter. By the t test the difference was 
highlv significant (p 0.005), indicating that 
the magnitude of the serum amylase re- 
sponse is directly related to the volume of 
salivary mass irradiated. This finding is 
illustrated in Figure 2. 

Amylase Response As Related to Radia- 
tion Dose. Nine patients (4 NIH, 5 NNMC) 
received Jess than 1,000 r, 8 patients re- 
ceived between 1,000 and 2,000 r and 16 
patients received more than 2,000 r, in all 
instances in a single dose. 
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SERUM ENZYME ACTIVITIES BEFORE AND AFTER IRRADIATION 








| Pre- | 










































































Hours after Irradiationt 
LI LI - T — ` -— 2m — ES 
| irradiation 3 6 | á 12 24 | 36 48 72 96 120 >120 

Lipase 1.18 | 1.34 | [.27 I.15 1.23 |. O95. | 0.51 1.02 | 0.86 | 0.33 1:54 | :5;98 

(less than* 1.5 units) | 
Determinations 12 12 12 8 11 I$ I 3 3 I E 5 

| 

Alkaline Phosphatase 7:33 6.4 6.6 6.6 6.4 7.16 | - 6.0 — — — 10.2 

(4-13 K.A. units) 
Determinations 6 5 5 5 5 6 I — — - 4 
Lactic Acid 497 505 488 346 346 430 642 621 395 388 318 

Dehydrogenase 

(100-550 B—B | | 

units) | | 
Determinations 12 11 12 8 8 11 4 4 2 2 3 
SGOT 20.6 13-4 | 16.7 16.0 1$.3 15-5 14.0 18.2 33.0 19.2 18.5 | 15.6 

(10-33 units) | | 
Determinations 13 | " 6 5 6 IO 4 8 2 4 2 10 
SGPT | 18.7 | 15.5 | 38.3 | 15.2 | 18.3 | 16.3 | 15.3 | 14.8 — —- 39 13.7 

(10-33 units) | | 
Determinations | 8 | 4 | 6 | 5 6 9 3 4 — — I 6 

| 





* Normal values are indicated in parentheses. 
t Mean values. 


Using the geometric ratio for each group, 
the mean values were 0.545, 1.200 and 
I. 112, respectively, for the less than 1,000 r 
group, the 1,000-2,000 r group and the 
greater than 2,000 r group. The t test failed 
to show any significant difference among 
these groups. 

When, however, the mean of the geomet- 
ric ratios for the patients receiving less 
than 1,000 r (0.550) and the mean for the 
patients receiving more than 1,000 r (1.153) 
are compared, the difference is highly sig- 
nificant (t—0.575, df=22). This relaticn- 
ship 1s depicted in Figure 3. 

Amylase Response As Related to Sex. 
There were 20 males and 13 females in this 
series. No sex difference in amylase re- 
sponse was evident from an analysis of tae 
data (t=0.$75, df 51). 

Other Enzymes. Serial serum samples 
were analyzed for lipase, SGOT, SGPT, 
alkaline phosphatase and lactic acid de- 
hydrogenase levels. Although some minor 
fluctuations were observed, neither a con- 


SERUM AMYLASE IN SOMOYGI UNITS ( Means ) 





@ > 1000r (24 PATIENTS) 


O < |OOOr (9 PATIENTS) 


PRE 


3 


6 9 


I2 24 36 48 72 96 120 
POST IRRADIATION'— HOURS 





»|20 


Fic. 3. Serum amylase response as related 


to radiation dose. 
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sistent pattern nor change of any magni- 
tude was evident. A tabular summary of 
the data is presented in Table mr. 


3- HISTOPATHOLOGY OF IRRADIATED SALIVARY GLANDS 


Table 1v shows the patients, the primary 
pathologic diagnoses, the tumor radiation 
doses and the degree of acute inflammation 
and degeneration in the salivary glands. A 
single notation of the degree of change is 
made because the acute inflammatory 
changes closely paralleled degenerative 
changes. 

No gross abnormalities of the salivary 
glands were recorded by the examining 
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pathologist. When salivary glands were 
involved with tumor, portions distant from 
the site of involvement were evaluated for 
acute postirradiation change. 

Parotid Glands. Fifteen parotid glands 
were examined; of these 10 were irradiated. 
Without exception, parotid glands from 
irradiated patients exhibited acute inflam- 
matory and degenerative changes. The 
reaction within a single gland was fairly 
uniform. There was greater variation 1n the 
intensity of reaction in glands from differ- 
ent patients. 

(a) Inflammatory cell infiltrates. All 
irradiated glands were infiltrated by poly- 


TABLE IV 


REACTION OF SALIVARY GLAND TISSUE TO IRRADIATION 
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Acute Inflammation and Degenera- 
tion of Salivary Gland Tissuet 







‘Tumor 


























Patient’s Diagnosist and Primary 
No. | Unit No. | Age | Sex Site of Tumor Dose Minor 
(r) Submaxillary | Salivary 
Glands 
I 03-26-84 55 M | EC, larynx 2,000 
2 03-31-64 83 M | EC, buccal mucosa 2,000 
3 03-28-54 | 48 F EC, tongue and mouth | 2,000 
4 O3-40-32 24 M | MEC, hard palate 1,500 
5 03-66-25 59 M | EC, larynx I ,000 
6 03-38-43 72 M | EC, floor of mouth I,000 
7 02-99-87 43 M | MT, lower lip I ,000 
8 04-43-89" | 52 F EC, gingiva 1,000 
9 O4-09-11" | 62 M | UC, parotid gland I,000 
IO 03-44-54 | 72 F | EC, alveolar ridge I ,000 
II 04-03-02 52 F | EC, buccal mucosa 1,000 
12 O4-1 5-31 63 M | EC, floor of mouth I ,000 
13 O4-77-34* | 31 F EC, tongue 1,000 
14 O1-49-24* | 61 E EC, soft palate I ,000 
I5 O4-91-95* | 58 M | EC,larynx I,000 
16 04-95-36 87 M | EC, tonsillar pillar I,000 
17 04-27-11 62 F MT, palate sham 
18 03-08-15 70 M | EC, base of tongue sham 
I9 03-69-34 44 F EC, larynx sham 
20 O4-11-72 53 M | EC, tongue sham 
21 04-46-39 63 M | EC, piriform sinus sham 
22 04-92-62 46 M | EC, tongue sham 








* Patients on whom serum amylase was studied. 
t EC—epidermoid carcinoma. 
MEC-~mucoepidermoid carcinoma, 
MT-—mixed tumor. 
UC—undifferentiated carcinoma. 





t Graded response: o—no acute reaction; +-+-+-+—acute inflammation with focal necrosis. 


$ NE—not examined. 
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Fic. 4. Parotid gland tissue. (4) Normal, X 120. (B) 
Tissue from patient (G. K., 01-49-24) 24 hours after 
receiving 1,000 r of radiation in a field including 
the parotid gland, X210. (C) Higher magnifica- 
tion of B demonstrates vacuolization of adnar 
cells, pyknosis of acinar cell nuclei and inflamma- 
tory cell infiltration, X640. 





morphonuclear leukocytes, eosinophilic leu- 
kocytes and a few plasma cells. These cells 
tended to collect along interlobular septa 
where in some glands there was frank zonal 
suppuration. Inflammatory cells also 
tended to outline acini and some were seen 
among the granules in degenerating serous 
cells. A constant finding was the purulent 
exudate in the lumens of intercalated, inter- 
lobular and excretory ducts (Fig. 4, B and 
C) which appeared to be made up of de- 
generating polymorphonuclear leukocytes 
and degenerating acinar cells. 

(b) Acini. In many glands the discrete 
outlines of acini were barely discernible and 
the serous cells had large irregular basilar 
vacuoles or spaces seeming to rupture cells 
and cleave them from the basement mem- 
brane (Fig. 4C). Many serous cells in an 
inflamed gland had pyknotic nuclei. De- 
generative epithelial cells were part of the 
exudate in the lumens of ducts. Zymogen 
granules in some glands were pooled in acini 
and appeared free of cytoplasmic mem- 
brane envelopment. In other glands there 
was a marked reduction in the number of 
these granules. 

(c) Ducts. In general, intercalated and 
intralobular ducts were dilated but the 
epithelial lining remained intact preserving 
the duct outline. The larger excretory ducts 
were only moderately dilated and contained 
less of the exudate than smaller ducts. 
There was no evidence of excretory duct 
obstruction in the sections examined. 

The $ parotid glands from sham irradi- 
ated patients revealed normal histologic 
features. 

Submaxillary Glands. All but one of the 
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14 irradiated submaxillary glands showed 
acute indammation and degenerative 
changes similar to those described in the 
irradiated parotid glands. There were puru- 
lent exudates in ducts, suppurative foci 
along interlobular septa, inflammatory cell 
infiltrates in serous acini, basilar vacuoles 
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Fic. §. Submaxillary gland tissue. (47) Normal struc- 
tures with no discernible alteration in same pa- 
tient as shown in Figure 4, 7 and C, whose sub- 
maxillary gland was not in the treatment field, 
X210. (B) Marked reaction (A.G., 03-28-54) 24 
hours after treatment with 2,000 r. Serous cells 
are disrupted, acini are disorganized, the tissue 1s 
infiltrated by inflammatory cells but duct out- 
lines are intact, X 120. (C) Same as B, X 640. 
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in serous cells, disrupted serous cells and 
pools of zymogen granules in acini (Fig. 5, 
B and C; and 6.4). A marked degranulation 
of serous cells was noted in many of the 
glands. These reactions were more pro- 
nounced in patients receiving the larger 
doses of radiation and the density of in- 
flammatory cell infiltrates closely paralleled 
the severity of degenerative changes in 
serous cells. In sharp contrast little, if any, 
discernible microscopic change was present 
in mucous cells (Fig. 6, .7, B and C). 

One submaxillary gland (G.K., 01-49-24) 
exhibited no acute change, yet there was a 
typical acute inflammation and degenera- 
tion in the parotid gland from the same 
surgical specimen (Compare 48 and 54). 
The radiation field had been directed to a 
lesion of the soft palate so that the parotid 
gland was irradiated but not the submaxil- 
lary gland. 

In the 6 submaxil ary glands from sham 
irradiated. patients, there were no acute 
changes. 

Sublingual and Minor Salivary Glands. 
The sublingual gland was present in only a 
few of the surgical specimens. Care was 
taken to discriminate between those 
changes due to duct obstruction or proxim- 
itv of tumor and those changes due to 
radiation. The reaction in the sublingual 
and minor salivary zlands varied with the 
composition of the glands. In those portions 
composed entirely of mucous cells, the 
acute inflammatory cell infiltrates were 
scant (Fig. 65). In mixed glands acute 
inflammation and degeneration were pres- 
ent in serous acini and some exudate was 
present in small duczs (Fig. 6C). 

Other Tissues. No attempt was made to 
evaluate tissues other than the salivary 
glands. The tissues surrounding the parotid 
and submaxillarv glands were, in general, 
free from inflammatory cell infiltration. 
There was no evider.ce of vascular obstruc- 
tion. Some acute indammation and degen- 
eration were present in lymph nodes. 

Summary of Histopathologic Findings. 
The parotid and submaxillary salivary 
gland tissue of patients who received a 
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22—- 
Fic. 6. (4) Submaxillary gland tissue from patient 
(M.H., 03-40-32) 24 hours after treatment with 
1,500 r tumor dose. Serous acini contain vacuo- 
lated cells with pyknotic nuclei. Inflammatory cells 
are associated with degenerating serous acini, 
whereas mucous acini reveal little or no alteration, 
X315. (B) Sublingual salivary gland tissue from 
patient (J.V., 03-38-43) 24 hours after treatment 
with 1,000 r. Mucous cells are unaltered. Inflam- 
mation is present in foci containing a few serous 
acini, X 92. (C) Lingual salivary gland tissue from 
same patient as in B. Inflammation and acute cell 
degeneration are present in serous cells; mucous 
cells are unaltered, X92. 








single therapeutic. dose of radiation 24 
hours prior to surgery displayed an acute 
inflammatory response which was associ- 
ated with marked degenerative changes in 


serous cells, and, in some cases, with foci of 


necrosis in the gland parenchyma. Mucous 
portions of the salivarv glands revealed 
little, if any, histopathologic change. 
Glands from sham irradiated patients had 
no acute alterations. 


4. OTHER OBSERVATIONS 


Refractoriness of Salivary Glands to Radi- 
ation. H.P. (04-46-39), a patient with 
epidermoid carcinoma of the piriform sinus 
who had previously undergone a radical 
laryngopharyngectomy and right radical 
neck dissection, was referred for treatment 
of persistent tumor in the neck and retro- 
pharynx. A course of conventional radia- 
tion treatment, using the previously de- 
scribed technique, at a daily exposure rate 
of 400 r was initiated. The promptness and 
the degree of the postirradiation hyper- 
amylasemia following the initial treatment 
were in all respects identical with those 
observed in other patients (Fig. 7). 

Twelve calendar days (8 treatment days) 
later, by which time he had received 3,200 r, 
a repeat serial serum amylase study was 
made (Fig. 7). The patient had had 2 days 
without treatment (because of an interven- 
ing weekend) and the pre-irradiation serum 
amylase level was normal. Following the 
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400 r tumor dose on this occasion, the 
serum amvlase level showed only a mild 
elevation although the port and radiation 
factors were identical with those used in the 
initial treatment. 

Response to a Low Level of Radiation and 
a Small Field. Patient W.D. (00-01-20) had 


an epidermoid carcinoma of the skin of the 
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Fic. 7. Demonstration of a depressed serum amylase 

. response following repeat irradiation. Open circles 
depict the serum amylase response to the initial 
4co r. Closed circles depict the serum amylase re- 
sponse to 400 r 12 days later by which time 3,200 r 
had been delivered by fractionated therapy via 
the treatment field indicated. 


cheek and was treated by conventional 
fractionated therapy. In order to evaluate 
the serum amylase response to a low dose 
and small port, the initial treatment was 
IOO r via a tangential field 10X 4 cm. (Fig. 
8). It is estimated that less than 25 per cent 
of the total salivary mass was irradiated. 
Despite this low dose, a serum amylase rise 
to 1,200 units was observed by the twelfth 
postirradiation hour, a four-fold rise from 
his baseline value. 

Sialography. Parotid sialography was 
performed on one patient (J.H., 04-48-78) 
on the day prior to irradiation, 1 day, and 
at 20 weeks after irradiation. The first (pre- 
irradiation) examination was normal in all 
respects. Figure 9, /£-D demonstrates good 
filling of the principal duct systems and the 
characteristic reticular pattern extending 
into the terminal acini. The posteroanterior 
study demonstrates normal gland size, and 
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again, the normal filling pattern. Evacua- 
tion was prompt and complete in the roent- 
genogram taken § minutes after stimula- 
tion. 

In the immediate (1 day) postirradiation 
examination, the patient was able to toler- 
ate less contrast medium (before parotideal 
pain appeared) than on the prior examina- 
tion. The postinjection roentgenograms 
(Fig. 10, 4—D) show an enlarged gland, less 
duct filling and absence of the previously 
noted reticular acinar pattern. There is no 
duct dilatation to suggest duct obstruction. 
Another feature 1s the incomplete evacua- 
tion of the contrast medium 5 minutes after 
the removal of the catheter and stimula- 
tion (Fig. roC). Moreover, radiopaque 
remnants were present within the gland on 
the next day and even on the twenty-fifth 
day following this examination (Fig. 10D). 

The third sialography (20 weeks post- 
irradiation) showed a less detailed pattern 
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Fre. 8. Demonstration of the marked sensitivity of 
the salivary gland to irradiation. Open circles de- 
pict the serum amylase response following 100 r 
delivered via the treatment field (25 per cent of 
salivary gland mass exposed). Broken line 1s the 
over-all average (see Fig. 1). 
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hic. 9. Normal (pre-irradiation) sialograms in patient (J.H., 04-48-78). (4 and B) The gland is of normal 
size and the filling extends into the minor ducts. (C and D) Evacuation is prompt and complete (4 minutes 
after stimulation). 


without small duct and acinar filling (Fig. 
11, Æ, D and C). In constrast to the imme- 
diate postirradiation sialograms, the gland 
size appeared to be within normal limits 
and evacuation was more nearly complete 
at 24 hours after introduction of the con- 
trast medium. 

Specific Identification of Serum Amylase. 
Using Weime’s method of agar-gel electro- 
phoresis” and the starch-iodine color reac- 
tion, we have been able to demonstrate 


several distinct bands of amylolytic activ- 
ity in serum and urine. The position of the 
amylolytic bands, in relation to the serum 
proteins, corresponded to those described 
by McGeachin and Lewis, who used paper 
electrophoresis and elution. Moreover, a 
ditterence in the electrophoretic mobility of 
the amylolytic components of pancreatic 
and salivary gland homogenates permits 
their ditterentiation. 

A representative 


(R.P., 


zymogram 


204 


04-81-95) is shown in Figure 12. The pre- 
irradiation serum sample was representa- 
tive of those from a number of normal 
controls. Beginning with the third hour 
after irradiation, an intense amylolytic 
band appeared in the zone of the gamma 
globulins. The intensity of this band was 
proportional to the serum amylase activity. 
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Moreover, its electrophoretic position ap- 
peared to be identical with that of the 
amylolytic fraction cbtained with homoge- 
nates of salivary glands. The appearance of 
this band was noted in all postirradiation 
sera studied. 

Excretion of Amylase. Three patients, 
who received preoperative irradiation but 





Fic. 10. Postirradiation sialograms. 4, B and C taken 24 hours after 2,000 r. (4 and B) There is pronounced 
soft tissue swelling due to parotid gland tumefaction, displacement of the prircipal ducts and incomplete 
filling. Contrast medium is not completely evacuated § minutes after stimulation (C) and radiopaque 


remnants are present 25 days later (D). 
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who are not listed in the previous groups, 


were studied to assess the urinary excretion 
of amylase. All had a marked rise in urinary 
amvlase, both in terms of concentration 
and in total amylase excreted; this rise 
paralleled the rise of amylase in the serum 
following irradiation (Fig. 13). The majer 
increase in urinary amylolytic activity was 
in the electrophoretic zone corresponding to 


Fic. 11. C7) Sialogram made 20 weeks after 
irradiation reveals diminished filling of 
ducts and normal gland size. (B) Evacua- 
tion of contrast medium is improved over 
previous examination but (C) some injected 
materia. remains 24 hours later. 


the "salivary amylase" observed in the 
serum. 


DISCUSSION 
CLINICAL RESPONSE 
The clinical response to irradiation in 
these patients agrees closely with the de- 
scriptions previously set forth by Bergonie 
and Speder? in 1911 and by Ceresole? in 
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1912. The degree of tissue reaction 1s un- 
doubtedly greater in the present group of 
patients, particularly in those receiving 
radiation in excess of r,ooo r. Ceresole 
noted these postirradiation sequelae in only 
26 per cent of his patients, whereas in the 
present study salivary gland swelling was 
an invariable occurrence. This greater 
incidence of discernible reactivitv of the 
salivary glands 1s undoubtedly related to 
the larger single tumor doses employed. 
The early complaint of dryness of the 
mouth is probably attributable to a de- 
crease in salivary flow after irradiation of 
the salivary glands. Although flow rates 
were not specifically measured, the failure 
to evacuate contrast medium during the 
immediate postirradiation — sialographic 
studv is suggestive of a sharply diminished 
salivation. Furthermore, persistence of 
radiopaque material within the duct system 
for at least 24 days points to some impair- 
ment of salivary flow. The histologic fea- 
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tures of fibrosis and acinar atrophy noted in 
salivary glands long after irradiation sug- 
gest that the xerostomia following irradia- 
tion is due to a decreased amount of func- 
tional salivary gland tissue. 

[n spite of histologic evidence of severe 
tissue damage and foci of suppuration 1n 
manv of the glands, elevation of tempera- 
ture was infrequent and a leukocytosis was 
rarelv seen. There was no evidence in the 
histologic studies or the clinical course of 
the patients to suggest that a bacterial or 
viral agent had been activated. Indeed, 
unlike suppurative parotitis of bacterial 
origin, the reaction rapidly subsided with- 
out any specific therapy. 


AMYLASE CHANGES 


Numerous organs have been shown to 
contain amylases but the pancreas and the 
salivary glands are known to contain the 
largest amounts.” Saliva is rich in this 
enzyme and itis stated that the parotid and 








Fic. 12. Serial zymograms demonstrating the appearance of an intense amylolytic band in the postirradiation 
sera (R.P., 04-81-95). The zone which appears after irradiation corresponds to the amylolytic zone obtained 
from parotid gland homogenate. The latter is distinguishable from the pancreatic am vlase. 
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bic. 13. Serum and urine amylase levels following irradiacion of head and neck areas. 


submaxillary saliva of the dog, cat, cow, 
herse, sheep and goat contains low levels of 
activity, whereas the saliva of man, ape, 

guinea pig, mouse, rat and rabbit has high 
levels of enzyme activity.” Somogyi,” in a 
review of the literature in 1941, concluded 
thit normally blood diastase does nct 
orzinate either directly or indirectly frora 
the salivary glands. He noted that inflam- 
mation of the sali rary glands is accompa- 
nied by hyperamylasemia. This has beea 
corrobor ated for epidemic parotitis?? and 
calculous obstruction of salivary gland 
ducts.” Clinically, hyperamylasemia has 
been particularly helpful in the diagnosis of 
infammatory disease of the pancreas. 
Elevated serum amylase has also beer 
reported in instances of perforated duodenal 
ulcer, intestinal obstruction, ruptured ec- 
topic pregnancy and in some patients con- 

valescing trom laparotomy. Hyperamy- 

lasemia has been demonstrated following 
the administration of opiates." The hospi- 
tal records of the patients in the presen: 
studv were reviewed and it was ascertained 
that such drugs were not used. 








We feel that the following points support 
the conclusion that the irradiation of the 
salivary glands is causally related to hyper- 
am Y lasemia. 

. Hyperamylasemia invariably 
radiar ion of the salivary glands. 

na degree of hyperamylasemia IS 
Be elated to the mass of salivary 
gland tissue irradiated. 

3. The degree of hyperamvlasemia is a 
dose-related phenomenon. 

4. Serum enzyme changes were not noted 
in patients receiving regional irradiation to 
other parts of the body. We have made 
serial examinations of sera following chest 
and abdominal irradiation in several pa- 
tients. We have particularly sought and 
failed to find anv amylase rise following 
irradiation of the abdomen. It is generally 
agreed that the pancreas, an amylase-rich 
or Jig i radioresistant.' 

. Theserum amvlase elevation is dimin- 
ished when the salivary glands are repeat- 
edly irradiated. The responses record in 
Figure 7 illustrates this relative refractori- 
ness. Another patient, M.B. (03-17-20), 





tollows 





received 2,500 r to more than ṣo per cent of 
the total salivary gland mass, vet the peak 
postirradiation serum amy lase was only 481 
Somogyi units, consider ably less than the 
levels seen among all other patients who 
received the same amount of radiation. 
Four vears earlier she had received 5,700 r 
for a malignant neck mass. Although we 
lack histologic proof of salivary gland atro- 
phy in this case (no tissue obtained), it 1s 
significant that xerostomia was present at 
the time of her admission to the Clinical 
Center. 

Hyperamylasemia resulted from ir- 
radiation of the parotid gland alone. The 
patient shown in Figure 8 received 100 r to 
less than 25 per cent of the total salivary 
gland mass. Despite this low dose, a rapid 
serum amvlase elevation to units 
resulted, illustrating the remarkable sensi- 
tivitv of the serum amvlase as an indicator 
of the action of radiation on the salivary 
glands. 

7. In the postirradiation hv peram vlase- 
mia, there 1s an increase in a specific amy- 
lase component in serum identical with that 
from salivary glands. The electrophoretic 
studies constitute the most conclusive 
proof that the major increase in amylase in 
the serum is of salivary gland origin. It 1s 
clear, as illustrated in Figure 12, that the 
heightened amylase activity appears as a 
zone migrating with the globulins in the 
postirradiation serum samples, whereas no 
such zone was demonstrated in the pre- 
irradiation serum specimen. Moreover, the 
intensity of the amylase activity of this 
zone parallels the increase in total activity 
of the serum and the zone corresponds in 
mobility to the amylase zone obtained with 
a homogenate of salivary gland tissue. 

The hyperamylasemia in the irradiated 
patients was transient as is that in acute 
pancreatitis and epidemic parotitis. In the 
three patients studied and summarized in 
Figure 13, it is evident that the amylase 
level of urine parallels and exceeds that of 
serum in the postirradiated patient. Fur- 
thermore, the increase in urinary amylase 
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is, for the most part, present in the same 
electrophoretic zone previously noted to 
represent salivary gland amylase. Thus 
urine amylase levels rapidly reflect the 
hvperamvlasemia of postirradiation siala- 
denitis. 


HISTOPATHOLOGY 

The histopathologic changes observed in 
the acutely irradiated salivary glands are in 
harmony with the clinical features of glan- 
dular swelling and hyperamylasemia. A 
review of salivary glands present in an 
additional 82 radical neck dissection speci- 
mens has failed to reveal acute changes in 
anv wav comparable to those observed in 
these preoperatively irradiated patients. 
The single case in which the submaxillary 
gland showed no histologic reaction is note- 
worthv because the parotid gland from the 
same surgical specimen displaved a tvpical 
acute reaction. The irradiation port in this 
case was such that the parotid gland was in 
the field, whereas the submaxillary gland 
was not. The findings in this case empha- 
size that the acute change is evoked onlv by 
direct irradiation. The mechanism of the 
tissue reaction is unexplained but the ob- 
servation that the serous cells exhibit the 
greatest damage suggests that it is in these 
cells that the primary damage occurs. 
Actual disruption of cells or changes in cell 
permeability with release of intracellular 
amvlase into the circulation would seem to 
account for the appearance of the salivary 
amvlase in the serum. The marked inflam- 
matory cell infiltration into the glands 
appears to be a response to serous cell 
degeneration. 

The inflammation and degeneration in 
the irradiated salivary glands represent an 
earlv or acute reaction. The histopathologic 
features of the glands suggest in all cases 
that a common tissue response occurred 
and varied onlv in degree. From the pattern 
of reaction seen at 24 hours after irradia- 
tion, we visualize a progressive change in 
which there are continued degeneration and 
loss of acini, replacement of acute inflam- 
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matory cells by chronic inflammatory cells, 
fibrosis within lobules, and persistence of 
duct structure resulting in the chronically 
altered gland frequently seen by patholo- 
gists but seldom described in detail. The 
salivary glands of 2 patients reported by 
Van Salis? and the few cases reported by 
Evans and Ackerman"? were all obtained 10 
or more davs after irradiation. In general 
these glands were made up of a duct svstem 
with few, if any, acini remaining. There 
were interlobular and periductal fibrosis 
and some chronic inflammatory cells in the 
lobules. A few previously irradiated sali- 
vary glands in our files display these same 
features. 

An experimental animal as a model for 
studying the reaction of salivary glands to 
irradiation 1s desirable but reports of stud- 
ies on animals (mainly histologic studies) 
indicate that the salivary glands of animals 
are less apt to give the acute change than 
are the glands of humans.*!* Few detailed 
studies of salivary glands have been made 
w:thin the first 24 hours after irradiation; 
perhaps a review of the responsiveness of 
arimal salivary glands will reveal greater 
reactivitv than seems to be indicated in 
published reports. 

The principal conclusions from the lim- 
ited observations in sialography are those 
that previously have been described, 
namelv, that the prompt and near total 
cessation of salivary gland secretion occurs 
early in the postirradiation period. There 
appears to be subsequent (partial?) recov- 
ery of this function. These views are in 
accord with the observation that the rate of 
evacuation of contrast material from the 
gland, although not quantitative, is a rela- 
tive index of salivary flow. The more rapid 
evacuation during the studv done 20 weeks 
atter irradiation may represent a limited 
recovery of glandular function. The chronic 
and apparently permanent damage sus- 
tained by these glands is manifest by the 
incomplete filling of the gland, the smaller 
gland volume and the absence of acinar 
patterns; these findings are consistent with 


Postirradiation Sialadenitis 


289 


the histologic features of atrophy in late 
stage glands. 


AMYLASE AS A BIOLOGIC INDICATOR 
OF RADIATION EXPOSURE 

The present report reveals that serum 
amylase levels are related to the dose of 
radiation and the amount of salivary gland 
tissue irradiated. The radiation in each 
instance was localized to head and neck 
helds but at least two reports from the 
literature indicate that salivary glands 
react similarly in whole body irradiation. 
Two of the g men accidentally exposed to 
ionizing radiation from a klystron tube at 
Lockport, New York, in March, 1960 are 
reported to have had temporo-mandibular 
tenderness as an early symptom. Of special 
interest is the case of K.S., who was seen by 
his own physician on the morning of the 
radiation exposure and, on the basis of the 
parotid swelling, was diagnosed as having 
mumps.” Unfortunately, serum amylase 
determinations were not included in the 
report. The estimated dose is thought to 
have been as “high as 1,200 to 1,500 rads 
over certam areas of the bodv." Both men 
received radiation to the head and trunk. 

A second subject is reported by Thomas 
et al. Their Case §, a 38 year old man with 
acute leukemia, received whole-body irradi- 
ation prior to a bone marrow infusion. The 
air exposure from 2 cobalt 60 sources was 
2,016 r and the calculated tissue exposure 
1,596 r; the exposure rate was 2.4 r per 
minute. Serial amylase determinations in 
this patient revealed a sharp increase, 
reaching a high point of 1,600 Somogyi 
units at 24 hours, and returning promptly 
to normal levels over the succeeding several 
days. Unfortunately, specific mention of 
parotid swelling or abdominal pain is not 
included in the report. To our knowledge 
this 1s the only prior documented instance 
of a recorded radiation-induced hyperamy- 
lasemia. The general pattern of response in 
this single case conforms closely with our 
observations. 

The foregoing cases from the literature 
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suggest that serum (salivary?) amylase 
elevation may be expected in human sub- 
jects exposed to whole body irradiation. 
Serum chemical changes, other than those 
of amylase, have been inconstant and ap- 
pear to depend on the vagaries of the clini- 
‘cal courses of the respective radiation- 
accident victims. Although a general 
statement regarding the utility of amylase 
as a biologic indicator of radiation exposure 
Is premature, further observations would 
seem worthwhile. The determinations of 
serum and urinary amylase are readily 
available in most clinical laboratories. 


CONCLUSIONS 


The clinical, serum chemical and micro- 
scopic features of an acute postirradiation 
sialadenitis have been described. To us, the 
most significant finding appears to be the 
elevation of serum and urinary amylase, or 
more specifically, elevation of the salivary 
amylase component of serum and urine. To 
our knowledge, this numbers among the 
few biochemical changes that occur early 
and constantly following irradiation. Our 
experience indicates that direct exposure of 
the salivary glands 1s necessary to provoke 
this change, and that the serum amylase 
response is related to the dose of irradia- 
tion. 

The experience from this study and at 
least 2 instances from the literature sug- 
gest that the appearance of the salivary 
amylase in serum may be the basis for 
development of a test useful in screening 
human subjects accidentally or deliberately 
exposed to radiation. The further thought 
that these observations can be utilized to 
investigate more minute details of radiation 
damage and to study recovery from radia- 
tion damage 1s most appealing. 


SUMMARY 


I. The acute clinical picture which re- 
sults from irradiation of the salivary glands 
consists of transient swelling of these 
glands, generally unaccompanied by fever 
or leukocytosis. 

2. Evidence is presented which impli- 
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cates the salivary glands as the tissues of 
origin for the postirradiation hyperamy- 
lasemia. 

3. The acute histopathology of the ir- 
radiated human salivary glands is pre- 
sented and the clinicopathologic correlation 
Is discussed. 

4. The possible usefulness of hyperamy- 
lasemia as a biologic indicator of radiation 
exposure 1s suggested. 

William R. Kirkham, Ph.D., M.D. 
Clinical Center 

National Institutes of Health 
Bethesda, Maryland 20014 
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ADDENDUM 


Since submission of this paper a careful 
and detailed study of lesions of salivary 
glands and teeth following irradiation ap- 
peared (R. M. Frank, J. Herp ty, and E. 
PniuiPPE, F. Amer. Dent. Ass., 1965, 70, 
868). The authors relate irradiation of the 
salivary glands to progressive involutional 
changes in the glands and reduced salivary 
flow—findings entirely consistent with our 
observations. In addition, they observed 
that saliva was qualitatively altered fol- 
lowing irradiation of the salivary glands 
and that certain dental lesions occurring 
after irradiation of fields which included 
the salivary glands did not occur when only 
the teeth were irradiated. 


Wor. 94, No. 2 


I. 


ty 


C2 
: 


i 


6. 


oh 


9. 


IO. 


EI. 


REFERENCES 


Anprews, J. R. Dose-time relationships in can- 
cer radiotherapy: a clinical radiobiology study 
of extremes of dose and time. Am. J. Rorxr- 
GENOL., Rap. THERAPY & NucLEAR MeD., 
1965, 93, 56-74. 

ANDREWS, J. R., Swain, R. W., and Rusin, P. 
Continuous visual monitoring of 2 mev. 
roentgen therapy. Am. J. RoENTGENOL., Rap. 
THerapy & Nuciear MED., 1958, 79, 74-78. 

BERGowiE, J., and Speper, E. Sur quelques 
formes de réactions précoces aprés des irradia- 
tions Röntgen. Arch. élect. méd., 1911, I9 


) 


BLoom, W., and Broom, M. A. Histolegic 
changes after irradiation. In: Radiation 


Biology. Edited by A. Hollaender. McGraw- 
Hill Book Company, Inc., New York, 1954, 
pp. 1091—1143. 

BunGEN, A. S. V., and Emme nin, N. G. Physiol- 
ogy of the Salivary Glands. Williams & Wil- 
kins Company, Baltimore, 1961, p. 279. 

CanpDeL, S., and WukELock, M. C. Serum 
amylase and serum lipase in mumps. nn. 
Int. Med., 1946, 25, 88—96. 

CrnEsoLE, G. A la connaissance des réactions 
précoces aprés des irradiations Röntgen. 
Arch. élect. méd., 1912, 20, 304-308. 

Desyarpins, A. U. Action of roentgen rays and 
radium on gastro-intestinal tract. Am. J. 
RoEexTGENOL. & Rap. THERAPY, 1931, 26, 
151—190. 

ENGLIsH, J. A., WHeatcrort, M. G., Lyon, 
H. W., and Mirrzn, C. Long-term observa- 
tions of radiation changes in salivary. glands 
and general effects of 1,000 r to 1,750 r of x-ray 
radiation locally administered to heads of 
dogs. Oral Surg., 1955, 8, 87-99. 

Evans, J. C., and Ackerman, L. V. Irradiated 
and obstructed submaxillary salivary glands 
simulating cervical lymph node metastasis. 
Radiology, 1954, 62, 550-555. 

Gross, J. B., Comrort, M. W., MATHIESON, 
D. R., and Power, M. H. Elevated values for 
serum amylase and lipase following adminis- 
tration of opiates: preliminary report. Proc. 
Staff Meet. Mayo Clin., 1951, 26, 81-87. 

Heirerz, C. J., Prosstrein, J. G., and Gray, 
S. H. Clinical studies on blood diastase. IT. 


Postirradiation Sialadenitis 


I4. 


r6. 


19. 


te 
te 


te 
, 
Ad 
" 


te 
Wn 


291 


Signincance of increased blood diastase. Arch. 
Int. Med., I94I, 67, 819-827. 

How.ano, J. W., Incram, M., Mermacen, H., 
and Hansen, C. L. Lockport incident: ac- 
cidental partial body exposure of humans to 
large doses of x-irradiation. In: Diagnosis and 
Treatment of Acute Radiation Injury. WHO, 
Geneva, 1961. 

Jaxowrrz, H. D., and Dreitinc, D. A. Plasma 
amylase: source, regulation. and diagnostic 
significance. Am. J. Med., 1959, 27, 924-935. 

MecGeacuin, R. L., Grgasos, J. R., and ADAMS, 
M. R. Amylase distribution in extrapancre- 
atic, extrasalivary tissues. Arch. Biochem., 
1959, 75, 403-411. 

McGeacnin, R. L., and Lewis, J. P. Electro- 
phoretic behavior of serum amylase. Y. Biol. 
Chem., 1959, 234, 795-798. 

Saxon, E. L, Hinxiey, W. C., Vocer, W. C. 
and Zieve, L. Comparative value of serum 
and urinary amylase in diagnosis of acute 
pancreatitis. 4.M.A. Arch. Int. Med., 1957, 
99, 607—621. 

ScHAFER, W. G. Effect of single and fractionated 
doses of selectively applied x-ray irradiation 
on histologic structure of major salivary 
glands of rat. F. Dent. Res., 1953, 32, 796—806. 

Sigma Chemical Company. Colorimetric de- 
termination of lactic dehydrogenase. Tech. 
Bull. No. 500, October, 1960. 

Somocri, M. Diastatic activity of human blood. 
Arch. Int. Med., 1941, 67, 666—679. 


. Tuomas, E. D., Herman, E. C., JR., GREEN- 


oucH, W. B., III, Hacer, E. B., Cannon, 
J. H., Sauter, O. D., and FERREBEE, J. W. 
Irradiation and marrow infusion in leukemia. 
A.M.A. Arch. Int. Med., 1961, 107, 829-845. 

Van Loon, E. J., Lixins, M. R., and SEGER, 
A. J. Photometric method for blood amylase 
by use of starch-iodine color. 4m. F. Clin. 
Path., 1952, 22, 1134-1136. 

Van Satis, H. Zu den Róntgenveránderungen 
nach Bestrahlung der Gland submaxillaris. 
Strahlentherapie, 1924, 17, 395-400. 

Warren, W. R. Serum amylase and lipase in 
mumps. 4m. Ff. M. Sc., 1955, 270, 161-168. 
Wieme, R. J. Improved technique of agar-gel 
electrophoresis on microscope slides. C/in. 

Chem. Acta, 1959, 4, 317-321. 





JvxE,. 1965 


JUVENILE NASOPHARYNGEAL FIBROMA* 


ROENTGENOLOGIC CHARACTERISTICS 


By COLIN B. HOLMAN, M.D., and W. EUGENE MILLER, M.D., Section of Roentgenology, 
Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


[355956 à recent study of the roent- 
genologic manifestations of malig- 
nant tumors of the nasopharynx by Mil- 
ler; some cases of juvenile nasopharyn- 
geal fibroma were reviewed in the course of 
the preparation of a differential diagnosis. 
lt was noted that an unusual roentgeno- 
logic appearance was demonstrated in a 
sufficiently large number of such cases to 
warrant a separate study. 

Recognition of a nasopharyngeal fibroma 
is important because preliminary biopsy of 
such lesions may be fraught with consid- 
erable danger owing to profuse hemorrhage 
which is often difficult to control.‘ If the 
preoperative diagnosis can be made with 
reasonable certainty, such a danger may be 
avoided. 

There are many reports in the literature 
concerning this type of lesion, but appar- 
ently there has been some uncertainty as to 
whether all of the cases reported actually 
represent the same entity. Thus, for exam- 
ple, not all of the tumors reported by Han- 
dousa, Farid and Elwi!? in a clinicopatho- 
logic study of 70 cases would fit the defini- 
tion of this condition as implied by certain 
other authors.55? The data herewith re- 
ported are associated with lesions which 
seem to satisfy the following definition 
given by Martin and co-workers in 1948: 
“Juvenile nasopharyngeal angiofibroma is a 
specific, highly vascular, noninfiltrating, 
essentially benign neoplasm, occurring in 
the nasopharynx or posterior nasal cavity 
of pubescent males." 

The roentgenograms of 46 patients who 
had such lesions verifed by competent 
pathologists were studied and a fairly typi- 
cal roentgenographic pattern emerged 


which seemed to aid in the differentiation 
of these lesions from other tumors in this 
anatomic region. 

A reasonably complete survey of the 
literature failed to reveal any pathogno- 
monic roentgenologic sign of this interest- 
ing condition despite the fact that most of 
the features have been indicated in various 
reports. 

Although generally regarded as a rare 
tumor,’ it must have been recognized for a 
long time because Tapia Acufia? quoted 
Celsus in De Arte Medica as having credited 
Hippocrates with removing such a lesion. 
Most descriptions of these tumors have 
been in papers concerned primarily with 
treatment?499311515?? and these reports 
are rather uniform in stating that generally 
such lesions are discovered in adolescent 
boys® although there are isolated case re- 
ports of these lesions in young women." 
These tumors usually regress after about 
the age of 20 to 25 years or when sexual 
maturity is reached. Complete regression 
may not be the rule. They are benign in 
the sense that most authors believe that 
metastasis does not occur. However, they 
can be very dangerous, expanding as they 
do in the region of the base of the skull, 
near important blood vessels and nerves 
and in a manner which frequently ob- 
structs the airway.^*^ They do not invade 
adjacent structures by cellular infiltration 
but erode by pressure due to their relent- 
less expanding type of growth.? 55.51 In a 
unique case reported by Massoud and Aw- 
wad," metastasis to cervical lymph nodes 
and possibly to the lumbar spine is said to 
have occurred. 

These tumors are usually attached to the 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29 to 
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roof of the nasopharynx, frequently near 
the nasal septum, and they grow slowly in- 
to the pharynx and the nasal fossa.” 
Patients usually have some degree of nasal 
obstruction but ordinarily complain little 
until hemorrhage occurs. Occasional v, 
other symptoms are noted when structures 
such as the paranasal sinuses or the orbit 
are eroded. * 4 

Recognition is important because a sin- 
gle biopsy procedure may result in uncan- 
trolled bleeding and thereby precipitate a 
grave crisis. On the other hand, since these 
tumors are rather rare and inasmuch as 
there are other, more benign, masses in this 
region such as ordinary fibroma and nasal 
polyp, it would seem helpful to be able to 
make a reasonably definite roentgenologic 
diagnosis. This apparently can be done by 
carotid angiography when necessary,” * and 
this is preferable to uncontrolled bleeding 
due to biopsy. However, the observations 
about to be described seem to offer reliable 
akl in diagnosis as well as 1n assessing tae 
size and extent of the tumor. 


ROENTGENOGRAPHIC FEATURES 


In this studv of the roentgenograms of 


46 patients in whom a Juvenile nasopharyn- 
geal fibroma was found and proved, the pa- 
tients were from 8 to 24 years old (mean 14 
vears). All were males and all complained 
of one or more of the following symptoms: 
episodes of severe bleeding from the nose, 
nasal obstruction, and a mass in the nose 
and pharynx. Nineteen complained pri- 
marily of severe epistaxis. Thirty patients 
complained of an obstruction in at least 
one side of the nose and 13 complained of a 
mass in the nose or pharynx. Sixteen of the 
46 patients complained of more than one 
symptom. 

The following roentgenograms were 
available for study: roentgenograms of the 
paranasal sinuses in 42 cases, roentgeno- 
grams of the head in 8, submentovertical 


stereoscopic views in I9, laminagrams ef 


the sphenoid region in 8, and roentgene- 
grams of the facial bones made by the 
Bucky technique in 17. 
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The roentgenograms of 45 of these 46 
patients showed a large soft-tissue mass in 
the nasopharynx which extended into areas 
of parapharyngeal structures. A significant 
part of each mass was well delineated by an 
adjacent air shadow in every case (Fig. 1, 
a, b and x). These sharply circumscribed 
portions occurred within the pharynx in 45 
cases, but were also apparent in the sphe- 
noid sinuses in 28 (Fig. 1a), the nose in 13, 
the maxillary antrum in 20 (Fig. 14), the 
ethmoid sinus in 16 (Fig. 10), and the fron- 
tal sinus m 1. The mass extended well into 
the soft tissue of the cheek in 2 instances 
and also into the orbit in 2. 

A characteristic feature occurred in 40 of 
46 cases. This consisted of an anterior bow- 
ing of the posterior wall of the maxillary 
antrum of the involved side which was best 
seen in the lateral projection but, occasion- 
ally, also appeared in the submentovertical 
view. These patients, therefore, had a re- 
versal of the usual convex posterior con- 
tour of the posterior wall of the antrum. 
The extent of this forward bowing was esti- 
mated in each case and 3 groups were 
thereby determined. Group 1 (Fig. 2a) 
contained 3 cases and included those in- 
stances in which the forward bowing ap- 
peared to be less than § mm. in depth. The 
curve was judged by comparing it with 
that of the opposite side. Group 2 (Fig. 27) 
contained 18 cases and included those pa- 
tients in whom the forward bowing meas- 
ured from 5 to 10 mm. as compared with 
the normal side. In 1 of these, the bone 
margin was so thin that it was difficult to 
distinguish 1t from the outline of the soft- 
tissue mass behind. Group 3 (Fig. 2, ¢ and 
d) contained 1g cases and included those in 
which the forward bowing of the antral 
wall was r2 mm. or more. 

Because this antral sign appeared unique, 
the roentgenograms in 240 proved cases of 
other tvpes of nasopharvngeal and oro- 
pharvngeal tumors were reviewed. In onlv 
1 of these 240 cases was there seen a pos- 
terior antral wall contour which in any way 
resembled that seen in so many of the 
juvenile nasopharyngeal fibromas. This is 
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not to say that other types of tumors could 
not possibly produce such a roentgenologic 
sign but it must be exceedingly rare except 
as associated with the juvenile nasopharyn- 
geal fibromas under discussion. For exam- 
ple, an illustration in an article by Jönsson”? 
shows what could be interpreted as a 
Group I antral sign (page 654, Fig. 3) as- 
sociated with an undifferentiated tumor. 
The legend states that it "resembles a 
pharyngeal fibroma, but as the patient is 
an older woman, this diagnosis is excluded." 

The roentgenologic evidence of erosion of 
bone adjacent to these nasopharyngeal tu- 
mors 1n 30 cases of this series was studied. 
The bone changes differ from the invasive 
destruction of most neoplasms in that the 
bone margins retain a rather sharp and usu- 
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allv a rather dense appearance even though 
a considerable amount of the bone has been 
destroved. This tvpe of erosion is that seen 
In association with expanding aneurysms, 
neurofibromas and other tumefactive pro- 
cesses which expand slowly and are fairly 
smooth in outline. 

In 10 of the 46 cases a previous opera- 
tion, either biopsy or partial removal, had 
been done and in each of these cases radon 
seeds had been implanted into the tumor. 
These procedures may have affected the 
appearance of the erosion in § instances but 
probably did not have any effect on the ap- 
pearance of bone structures in the other 5. 
In 7 instances no definite bone erosion was 
obvious on examination of the roentgeno- 
grams. In only 1 of these was a submento- 





Fic. 1. Sharply delineated outline of juve- 
nile nasopharyngeal fibroma (a) within 
sphenoid sinus, (4) within maxillary 
sinus in posteroanterior projection, and 
(c) within ethmoid sinus and maxillary 
sinus. 


Fic. 2. "Antral sign." Anterior bowing of posterior maxillary antral wall: (a) Group 1, (4) Group 2 
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and (c and d) Group 3. 


vertical view available, and in the others 
only roentgenograms of the paranasal 
sinuses were available for interpretation. 
In 2 of the cases the roentgenograms were 
of insufficient quality to show bone struc- 
tures and in 1 (the case in which no well- 
demarcated mass was found) the diffuse 
density of the nasopharynx and paranasal 
sinuses precluded any judgment concerning 
bone erosion. In 1 other case there had been 
a more extensive operation and therefore 
erosion was not possible to evaluate. 

The most common erosive change dem- 
onstrated involved the sphenoid bone. In 
30 cases definite bone erosion of the inferior 
portion of the body of the sphenoid was ap- 
parent. In 19 of these there was what might 
be termed a “sphenoid hole" (Fig. 3). This 
is a rather sharply circumscribed, fairly 


radiolucent defect in the inferior 
portion of the bodv of the sphenoid and this 
defect 1s surrounded by a well-circum- 
scribed and fairly dense bone margin. It is 
apparently through this hole that the 
nasopharyngeal fibroma enters the sphe- 
noid sinuses. In 11 cases the sphenoid sinus 
was eroded from below, but a definite hole 
into this sinus could not be recognized 
(Fig. 4). Erosion always occurred above 
the spheno-occipital synchondrosis. 

In 18 instances there was obvious bone 
erosion of the hard palate on one or both 
sides. This usually involved a portion of the 
vomer and extended into the nasal fossa. 

In 13 cases there was definite erosion of 
the region of one or both of the ptervgoid 
fossae and also erosion of a portion of the 
hard palate (Fig. 5). 


round 
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Sharply circumscribed defect in body of 
sphenoid through which tumor extended into 


ER. 
sphenoid sinus (“sphenoid hole"). 


In 2 instances it was possible to visualize 
erosion of the medial wall of the maxillary 
sinus due to the portion of the tumor in the 
nasal fossa. In 1 instance the floor of the 
sella turcica was eroded and the tumor ob- 
viouslv extended up into this fossa. In 2 
cases the density of the tumor was so dif- 
fuse that it was difficult to see the sharp 
margins of the bone erosion, although it 
was evident that part of the floor of the 
middle fossa was eroded. 

In 21 of the 46 cases, there was some 
deviation of the nasal septum associated 
with the tumor. This was seen on the 
Caldwell (Fig. 6) and submentovertical 
projections in most instances although, oc- 
casionallv, it was also demonstrated in the 
Walters' views. 

An attempt was made to determine pos- 
sible changes involving the wings of the 
sphenoid bone in the region of the superior 
orbital fissure. In 43 instances the superior 
orbital fissures were demonstrated suff- 
cientlv well for evaluation. Of these, there 
was definite enlargement of one of the su- 
perior orbital fissures in 16 instances (Fig. 
6). This enlargement usually took place in 
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the lower portion cf the fissure and in- 
volved its outer margin, which, although 
eroded laterally, maintained a rather hard, 
dense margin. It was possible to see the 
foramen rotundum in 18 of the 43 cases in 
which the superior orbital fissure was 
demonstrated. In 2 cf these, there were en- 
largement and relative decalcification of 
the wall of the foramen rotundum im- 
mediately below the involved superior 
orbital fissure. 
COMMENT 

This study of 46 proved cases of juvenile 
nasopharyngeal fibroma seems to indicate 
that there are rozntgenologic features 
which, when taken together with the clini- 
cal evaluation of the patient, make possi- 
ble a reliable tentative diagnosis in a large 
number of cases. It indicates that it would 
be prudent and advisable to make sinus 
and submentovertical roentgenograms on 
all male patients between the ages of 8 and 
25 who have one or more of the following 
manifestations: episcdes of severe bleeding 
from the nose, nasal obstruction as a 


Fic. 4. Lateral laminagram showing sharply circum- 
scribed juvenile nasopharyngeal fibroma extending 
within sphenoid sinus. 
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chronic complaint, or a tumefactive mass 
im the nasal fossa or nasopharynx. This 
should be done before anv attempt at 
biopsy or treatment is undertaken. There is 
a very great probability that should a 
nasopharyngeal fibroma be present it will 
have produced some erosion of the bone 
structures immediately adjacent to a well- 
demarcated soft-tissue mass and probably 
would show the so-called antral sign of an- 
terior bulging of the posterior wall of the 
maxillary sinus in the lateral view. Maxil- 
lofacial surgeons who operate on these 
tumors know that these masses frequently 
grow behind the antrum, although the 
roentgenologic features of this tvpe of 
growth have not been emphasized. Since 
this roentgenologic feature appears to be so 
very rare in other types of nasopharyngeal 
Or oropharvngeal tumefactive processes 
and so characteristic in these cases, it would 
scem that one could proceed with a pro- 
visional diagnosis of nasopharyngeal fi- 
broma without biopsy and only undertake 





Fie. 5. Submentovertical projection showing large 
nasopharyngeal mass with erosion of portions of 
hard palate, pterygoid fossa and antrum on right 
side and with tumor extending from left of mid- 
line into right infratemporal fossa. Anterior bulg- 
ing of posterior wall of right antrum is demon- 
strated. 
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lic. 6. Enlargement of superior orbital fissure due to 
erosion of lateral and inferior aspects. A sharp 
dense margin is maintained. Nasal septum is 
deviated by tumor in nasal fossa. 


removal of the tumor after proper prepara- 
tion of the patient, and in a place where 
the operation may be carried on with due 
regard for possible extensive hemorrhage. 
In the unusual instance in which these fea- 
tures are not present, it would seem pru- 
dent to undertake external carotid angi- 
ography as recommended bv Thibaut? to 
demonstrate the tumor before any attempt 
is made at biopsy. 

No attempt has been made in this pres- 
entation to evaluate the choice of treat- 
ment once the diagnosis is definitely estab- 
lished. However, it can be reported that of 
these 46 patients with proved tumor of this 
type, 10 had had previous treatment with 
some form of radiation and the tumors had 
recurred. In several other cases the tumors 
recurred after inadequate removal. The 
literature indicates that these tumors usu- 
ally regress to some degree in time, but the 
danger of hemorrhage, the difficulties as- 
sociated with obstruction and the very 
great number of them that are associated 
with extensive bone erosions of the base of 
the skull indicate that whenever possible 
the tumor should be removed. 

SUMMARY 

The roentgenologic features, not includ- 
ing special contrast studies, of 46 cases of 
juvenile nasopharyngeal fibroma are de- 
scribed. A definite anterior bowing of the 
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posterior wall of the maxillary sinus was 
discovered to be present in 40 of 46 cases. 
This feature was not definitely identified in 
another review of 240 nasopharyngeal 
tumefactive lesions of other types and so, 
if present, would seem to be highly sugges- 
tive of the presence of nasopharyngeal ju- 
venile fibroma. A somewhat characteristic 
bone erosion of the adjacent structures 
near the nasopharyngeal tumor was found 
in 30 of the 46 cases. This erosion almost in- 
variably showed bone destruction, the 
limits of which were rather sharply demar- 
cated by a well-delineated bone margin 
which was usually somewhat sclerotic. In 
16 of the cases, the superior orbital fissure 
on the side of the tumor was enlarged in its 
inferior and lateral portion. In all cases, 
there was a large soft-tissue mass in the 
nasopharynx and oropharynx and in all 
but I instance the soft-tissue mass was well 
circumscribed where it appeared in one of 
the sinuses or 1n the nasal fossa. Since all of 
these patients were males between the ages 
of 8 and 24, it would seem that in such per- 
sons presenting a history of severe nasal 
bleeding, nasal obstruction, or a soft-tissue 
mass in the nasopharynx, when accom- 
panied by these roentgenologic features, a 
rather confident diagnosis of nasopharyn- 
geal juvenile fibroma can be made. 


The Mayo Clinic 
Rochester, Minnesota 55901 
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THE EVALUATION OF PHARYNGEAL 
NEUROMUSCULAR DISORDERS 
BY CINEFLUOROGRAPHY* 


By MARTIN W. DONNER, M.D., and CHARLES I. SIEGEL, M.D. 


BALTIMORE, MARYLAND 


O oO localized to the hvpo- 

pharynx and upper esophagus pre- 
sents problems among the most difficult in 
diagnostic radiology. Conventional roent- 
genographic techniques are often inade- 
quate to characterize the disorder. This 
paper describes the use of cinefluorographv 
in the evaluation of neuromuscular disease 
involving the pharynx and upper esopha- 
gus. 

While normal deglutition has been exten- 
sively studied in recent years,'? neuro- 
muscular disorders of the pharynx have 
received little attention. Dahm!‘ in 1941 
reported his studies of normal and disturbed 
pharyngeal deglutition, examined by means 
ot kymography. This roentgenographic 
technique was employed to record motion 
during a limited time interval. The restric- 
tions inherent in this technique diminished 
its value, although basic information was 
obtained contributing to the differential 
dragnosis between obstructive and para- 
lytic pharyngeal dilatation. With the ad- 
vent of cinefluorographv, normal swallow- 
ing, the function and appearance of the 
cmicopharyngeal muscle and the swallowing 
defect after bulbar poliomvelitis and in 
myasthenia gravis have been investigated.’ 
In addition, cinefluorography has been 
helpful in distinguishing between organic 
and neuromuscular disorders. However, 
pharyngeal weakness and paralysis are 
associated with a variety of vastly different 
neurologic lesions,’ and attempts to estab- 
lish roentgenologic manifestations charac- 
teristic of one disease or of related groups of 
diseases have not been fruitful by this 
technique alone. 


The recently successful application of 
simultaneous cinefluorography and ma- 
nometry in the study of normal and dis- 
turbed esophageal motility suggested its 
use in patients with pharyngeal motor 
disturbance. This technique was employed 
in the majority of our patients under inves- 
tigation tor pharyngeal dysphagia and 
contributed greatly to the interpretation of 
the roentgenographic observations and the 
characterization of the various disorders in 
neuromuscular disease. 


NORMAL DEGLUTITION 


It may be useful to describe the normal 
sequence of motor activity in deglutition in 
some detail (Fig. 1). In neuromuscular 
disease, deviation from either the order or 
character of physiologic movement during 
the oropharyngeal stage of swallowing may 
occur. These defects will invariably lead to 
abnormal deglutition and may give rise to 
dysphagia. Employing | cinefluorography 
and manometric techniques, the deviations 
from normal deglutition may be identified 
and analyzed. 

1. The act of swallowing begins with 
movements of the tongue, to transport the 
food bolus towards the pharynx. As soon as 
the swallowing reflex is initiated, the mylo- 
hyoideus, geniohyoideus and digastricus 
muscles in the floor of the mouth elevate 
the tongue toward the hard palate. 

2. The root of the tongue is then pressed 
against the posterior pharyngeal wall by 
the stylo- and hyoglossus muscles. 

3. Thereupon, elevation of the soft 
palate by the levator and tensor veli pala- 
tint muscles takes place with the structure 
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Fia, 1. Diagram of normal motor activity in the 
oropharynx (sec text). 


extending well above the level of the hard 
palate. 

4. The larynx is then elevated and the 
hypopharynx 1s narrowed by the action of 
middle and inferior pharyngeal constric- 
tors. In the propulsion of the bolus into the 
esophagus, it is noteworthy that contrac- 
tion of the pharyngeal muscles occurs but 
peristalsis does not take place. Participa- 
tion of the posterior wall of the pharynx 
during the act of swallowing is minimal. 

5. Finally, tilting of the epiglottis occurs, 
brought about by contractions of the mus- 
culature of the floor of the mouth, and the 
hyoid bone is elevated upwards and poste- 
riorly in a rapid anterior and backward 
motion. 

Because of the rapidity of normal 
pharyngeal deglutition, pharyngeal struc- 
tures are demonstrated only transiently 
during fluoroscopy. When recorded on 
motion picture film, however, they may be 
studied by frame-by-frame analysis to 
reveal even minor morphologic and physio- 
logic changes from the normal. 

During the cinefluorographic observation 
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of the swallowing process, the following 
anatomic landmarks of the pharynx may be 
observed: the pharyngeal recesses, 7.¢., the 
valleculae and piriform sinuses, the ary- 
epiglottic folds, the epiglottis, the vocal 
cords and laryngeal vestibule and the crico- 
pharyngeal sphincter (Fig. 2; and 3, 4-P). 


THE CINEFLUOROGRAPHIC SIGNS OF 
PATHOLOGIC DEGLUTITION IN 
THE OROPHARYNGEAL STAGE 


These can be divided into the following 
categories: I. disturbance of motility; 2. 
residual filling of recesses, ''vallecular- 
sign”; 3. stasis; and 4. misdirected swallow- 
ing (aspiration). 

1. Motility disturbance is the most fre- 
quent sign of abnormal deglutition and the 
most reliable sign of pharyngeal paralysis. 
One can distinguish changes, both in nature 
and degree. These include impairment or 
complete loss of certain movements and/or 
a disordered sequence of functional activ- 
ity. The latter may be due to a delayed 
initiation or prolonged duration of muscu- 
lar activity, or a disturbance in the sequen- 
tial order of the swallowing process. Motil- 
ity 1s restricted if repeated attempts at 
swallowing are made before the act is ac- 
tually carried out. The base of the tongue 
may move backwards several times until 
the swallowing reflex is initiated. Prolonga- 
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Fic. 2. Roentgenographic landmarks of the pharynx 
and larynx. 
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projection, 1—posterior surface of the tongue; 2 
sinus, 


tion of muscular activity often replaces the 
rapid motion seen normally. Complete 
disorganization of the swallowing sequence 
represents the most severe tvpe of motility 
disturbance. The participation of muscles 
and organs usually not emploved in the act 
of swallowing frequentlv discloses patho- 
logic change in. pharvngeal motilitv. For 
example, movements of the head and jaws 
may be present to aid the transport of food 
to the esophagus. These movements are 


soft palate; 5 
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Fic. 3. Normal barium swallow studies (oropharyngeal stage). Note: symmetric pharyngeal constriction and 
absence of pharyngeal retention. Selection of cine-frames in lateral (4-H) and posteroanterior (I-P) 


a RP 


epiglottis; 4—valleculae; and $—piriform 


usually accompanied by additional mani- 
festations of abnormal deglutition, includ- 
ing stasis and aspiration. 

2. Residral filling of the pharyngeal re- 
cesses occurs because of altered sensitivity 
of adjacent mucosa, decreased muscular 
tone, mechanical obstruction, changes in 
recess shape and neuromuscular disturb- 
ance. Atrophy of fat tissue, normally found 
below the valleculae and supporting the 
epiglottis, may be responsible for the dila- 
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tation of these pouches and subsequent 
retention of food (barium). This is presum- 
ably the basis for this observation in ca- 
chectic patients. Residual filling of pharyn- 
geal recesses in elderly patients can also be 
explained by the loss of elastic tissue in the 
pharynx. The use of pasty barium may 
produce prolonged filling of the valleculae 
in normal individuals. Conversely, residual 
filling of the pharyngeal recesses is invari- 
ably present in patients with peripheral or 
central motor nerve paralysis. Thus, val- 
lecular retention, frequently associated 
with a swallowing disorder, is valuable as a 
differential sign only if additional roent- 
genographic changes are observed. 

3. Pharyngeal stasis occurs when patho- 
logic outpouching of the pharynx (lateral 
pharyngeal pouches, diverticula) or dilata- 
tion of the pharyngeal cavity is present. 
Stasis is a reliable sign of pharyngeal motor 
disturbance and is seen in pharyngeal 
paralysis or in mechanical obstruction 
produced by intrinsic or extrinsic tumors. 

4. Misdirected swallowing (aspiration) is 
one of the most striking abnormalities 
observed clinically as well as roentgeno- 
graphically. The bolus deviates from its 
normal pathway and proceeds either into 
the nasal cavity or trachea. This phenome- 
non occurs when there is impairment of the 
closing mechanism or pathologic communi- 
cation to the nasopharynx and trachea. 
Retained pharyngeal contents may be 
aspirated during respiration without swal- 
lowing. Uni- or bilateral paresis of the soft 
palate, morphologic defects of the hard 
palate or tumors of the epipharynx will lead 
to reflux into the nasopharynx. Paralysis of 
muscles of the floor of the mouth and inter- 
ference with the function of the recurrent 
laryngeal nerve also result in suppression of 
important safety mechanisms. Examples of 
interference with motor function are seen in 
myasthenia gravis, and postresectional 
alterations of pharyngeal anatomy and 
innervation; and examples of interference 
with sensory protection are peripheral toxic 
injuries (¢.g., diphtheria) or anesthesia of 
the pharynx. 
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Abnormal deglutition associated with 
neuromuscular disorders may be observed in 
the following categories: 

I. Disorders involving the brainstem: 
posterior inferior cerebellar artery syn- 
drome; poliomyelitis; amyotrophic lateral 
sclerosis; multiple sclerosis; and syringo- 
myelia. 

2. Myoneural junction disorders such as 
myasthenia gravis. 

3. Disorders of muscle itself including 
the muscular dystrophies, ocular myop- 
athy, sarcoidosis, dermatomyositis and 
systemic lupus. 

4. Lesions of undetermined pathogene- 
sis: pharyngoesophageal incoordination;5:7 
sideropenic dysphagia. 


EXPERIMENTAL PROCEDURE 


The cinefluorographic apparatus em- 
ployed for these studies consisted of a 9 
inch image amplifier, an image orthicon 
television system and two 16 mm. motion 
picture cameras. One camera recorded the 
fluoroscopic image displayed on a television 
monitor; the other, the images appearing 
on the output phosphor of the image ampli- 
fier. Monitor recording was used when 
detail was relatively unimportant and when 
amplifier recording was likely to require 
undesirably high radiation dosage levels. 
Roentgen rays were provided by a grid 
controlled roentgenographic tube. This 
tube restricts the delivery of radiation to 
the time when the shutters of the motion 
picture cameras are open, thereby main- 
taining patient dosage at minimal levels. 
The roentgen-ray tube was also equipped 
with a small (.5 mm.) focal spot to ensure 
images of high resolution. Cine-recordings 
were made at a film speed of 30 frames/ 
second. 

Cinefluorographic examinations of 
pharyngeal deglutition were carried out in 
prone and erect positions. On lying prone, 
patients with “high dysphagia” usually had 
more difficulty swallowing than in the 
erect position. However, roentgenographic 
abnormalities such as webs, cricopharyn- 
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geal sphincter defects and motor weakness 
af pharyngeal contraction, are exaggerated 
in this position and, therefore, easier to 
detect. Cine-recordings were obtained in 
the lateral projection with the patient lying 
on his right side. Thev included the oro- 
pharyngeal stage of swallowing and the 
transport of the bolus through the crico- 
pharynx into the upper esophagus. With 
the patient standing erect, barium swallow 
studies were made in the posteroanterior 
and lateral projections. This part of the 
examination provides valuable information 
concerning tone of the pharynx and pooling 
of contrast material in the pharyngeal 
recesses. In addition, the posteroanterior 
projection is useful in paralysis of specific 
groups of muscles to demonstrate asym- 
metric contraction of the constrictors and 
deflection of the bolus to either food channel 
as It passes through the pharynx. 

Conventional barium suspension 
given unless the patient’s history strongly 
suggested aspiration. Under these condi- 
tions gastrografin is of equal value. Studies 
ot pharyngeal deglutition were never begun 
with barium paste. A patient with paralysis 
ot the constrictor muscles, unable to force 
the material into the esophagus, may ob- 
struct his airway, leading to considerable 
respiratory distress. 


Was 


REPRESENTATIVE EXAMPLES 


A representative example of a patient 
with a brainstem lesion, namely thrombosis 
ot the posterior inferior cerebellar artery, is 
shown in Figure 4. Normally, in response to 
swallowing, pharyngeal contraction occurs 
and the cricopharyngeal sphincter relaxes. 
Sphincter relaxation begins prior to 
pharyngeal contraction above it. In this 
patient decreased tone and dilatation of the 
pharynx with inadequate relaxation of the 
cricopharyngeal sphincter was observed, 
producing a deformity of the pharynx 
which was interpreted as a tumor mass on 
cenventional roentgenograms (Fig. 4). 
Cmeroentgenographically, however, no per- 
sistent detormity was present; the walls 
were pliable (Fig. 5, 4-D). This was simul- 
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Fic. 4. Brainstem lesion: posterior inferior cerebellar 
artery syadrome. Spot roentgenogram obtained 
during fluoroscopic examination. Provisional diag- 
nosis at tais time: hypopharyngeal tumor. Note: 
Aspiration into laryngeal vestibule and trachea, 
contracted cricopharyngeal sphincter, barium re- 
tention and stasis in pharyngeal recesses and 
cavity. 


taneously demonstrated on the manometric 
record. 

Disorders involving the myoneural junc- 
tion, e.g., myasthenia gravis, the pharynx, 
the cricopharyngeus and upper esophagus, 
demonstrate motor abnormalities (Fig. 6, 
A-L). Hesitancy in initiating deglutition 
with inefficiency in forming a bolus on the 
back of the tongue results in a measurable 
delay in cleansing the mouth and oral 
pharynx. Movements of the tongue are slow 
and inefficient and become progressively 
weaker and slower as continued attempts to 
swallow are made. This easy fatigability of 
the pharyngeal motor activity is a charac- 
teristic feature of myasthenia gravis. Dur- 
ing the pharyngeal stage, prolonged coating 
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Fic. 5. (4-D) Same patient as in Figure 4. Note: Retention of barium in valleculae (4) and piriform sinuses 
(5), elongated incompletely relaxed cricopharyngeal sphincter (7), in spite of deglutition and maximal 
distention of the pharynx, aspiration into laryngeal vestibule (6). 


of the walls and pooling of barium in the 
pharyngeal recesses are associated with loss 
of tone and ballooning of the pharyngeal 
cavity. Nasal regurgitation occur 
during successive swallows due to a dimin- 
ishing ability to raise the pharynx, to close 
the epipharynx and to approximate the 
posterior wall and palate effectively to the 
base of the tongue. In the posteroanterior 
projection, passage of the bolus through the 
pharynx is symmetrical by virtue of the 
generalized muscle involvement. Never is 
there any spasm or hypertrophy of the 
cricopharyngeal sphincter as is seen in 
brainstem lesions, sideropenic dysphagia or 
pharyngoesophageal incoordination. The 
subcutaneous injection of prostigmine has 


may 


G 


ia 





helped to establish the diagnosis of mvas- 
thenia with principal involvement of the 
muscles of deglutition? By documenting 
and quantitating 1mprovement with pro- 
stigmine, 1t has helped ascertain the ade- 
quacy of therapy bv the return of motor 
function toward normal. The manometric 
and symptomatic improvement after medi- 
cation correlates well with the improved 
flow through the cricopharvngeus observed 
by cineroentgenogrzphy though completely 
normal function is often not restored. 

The collagen diseases are among the 
disorders involving the striated muscles of the 
pharynx. Dermatomyositis characteristi- 


cally produces pharyngeal dysphagia when- 
the 


ever upper gastrointestinal tract 1s 


iy 


= 





Fic. 6. Myasthenia gravis. Barium swallow studies before (frames 4—-F') and 30 minutes following the 
subcutaneous injection of I mg. of prostigmine (frames G-L). Note: Persistent retention of barium in 
valleculae (4) and piriform sinuses (5), moderate distention of pharyngeal cavity (4—F), improved degluti- 
tion, small amount of retained barium in pharyngeal recesses (G—Z). 
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lc. 7. (/4-D) Acute systemic lupus erythematosus. B 
recording. Note: Pharyngeal paralysis with stasis of barium, residual weak activity of pharyngeal muscula- 
ture on the left side. Barium proceeds through right food channd, aspiration into laryngeal ventricle (8). 
Piriform sinuses (5). 


involved. The patient in Figure 7, 7—-D, 
presents an example of acute systemic lupus 
erythematosus affecting the pharyngeal con- 
strictors to the degree of complete paraly- 
sis. In addition to motility disturbances 
and residual filling of recesses, stasis and 
aspiration could be observed. Hence, in this 
instance, all 4 of the roentgenographic signs 


arium swallow studies in recumbent position, kinescopic 


of patholegic deglutition have developed. 
Another, less frequent disorder involving 
the striated muscle portion of the pharynx, 
cricopharrngeus and esophagus, and occa- 
sionally the smooth muscle portion of the 


esophagus is myotonia dystrophica (Fig. 8, 


A-K). Motor disturbances in myotonia 
dystrophica can be produced or exagger- 





lic. 8. Myotenia dystrophica. Note: Retention and 


stasis of barium in pharyngeal recesses (4 and 5) 
and cavity, aspiration into laryngeal vestibule (6) 
and ventricle (8), reflux of contrast material into 
epipharynx (9), hypopharyngeal compression de- 
fect caused by retracted larynx. (4-D) Postero- 
anterior studies; (K-H/) oblique studies; (/-K) 
lateral projection. 1— posterior tongue; 2— soft 
palate; and 1c—vocal cords. 
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Fic. 9. (4-D) Pharyngoesophageal incoordination. Partial obstruction caused >y contracted hypertrophic 


cricopharyngeal sphincter (7). Film sequence obtained in lateral projection. 2 


4—valleculae; and 5—piriform sinuses. 


ated by cold liquids.’ Successive swallows 
frequently show improvement in pharyn- 
geal contractions and decreased duration. 
The disease process in the pharynx may 
have progressed to the degree that complete 
paralysis with nasal and tracheal aspiration 
occurs. The absence of incomplete crico- 
pharyngeal relaxation, the improvement of 
pharyngeal contraction during successive 
swallows and, converselv, the exaggeration 
of abnormal pharyngeal motility produced 





soft palate; 3—epiglottis; 


by swallowing ice water are helpful and 
distinguishing roentgenographic signs. 
Pharyngoesophageal incoordination and 
sideropenic dysphagia represent two dis- 
orders with “high dysphagia” in which the 
pathogenesis is undefined. The patient in 
Figure 9, ,7-D, demonstrates hypertrophy 
and spasm of the cricopharvngeal sphincter 
with resultant incomplete obstruction of 
the flow of barium associated with pharyn- 
geal dilatation. The function of this sphinc- 





Frame 


Fic. 10. Sideropenic dysphagia. 
(.4—D) of cine-recording prior to treatment. Note: 
Anterior hvpopharyngeal web (12) and indentation 
caused by cricopharyngeal sphincter (7). Web not 
present on study 2 days after iron medication (£ 
and Ff). 11 


sequence 


esophagus. 
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ter is deranged similar to functional dis- 
turbances of other sphincters of the gastro- 
intestinal tract. This incomplete relaxation 
of the cricopharyngeal sphincter produces 
indentation of the barium column as it 
passes through the postcricoid region. A 
lengitudinal myotomy of the cricophary n- 
geus and the lower portion of the — 
pharvngeal constrictor was performed 1 
order to releve obstruction. P bc 
tively, the dysphagia diminished consider- 
ably and cineroentgenographic studies 
showed easy passage of the barium through 
the cricophary ngeal region. However, ccn- 
traction of the pharyngeal constrictors is 
still inadequate. 

Atrophy and morphologic changes of the 
pharyngeal mucosa may be responsible for 
the dysphagia as seen in sideropenic disturb- 
ances of deglutition (Vig. 10, A-F). Prior to 
treatment with iron compounds, an ante- 
rior web frequently can be seen indenting 
the anterior wall of the hypopharvnx, 
usually close to the location of the crico- 
pharyngeal sphincter. The web is pointed, 
semicircular and occasionally produces 
obstruction. In addition, a posterior inden- 
tation at the level of the sixth cervical 
vertebra indicates spasm of the crico- 
pharyngeal sphincter. Within hours follow- 
ing the application of iron medication, both 
the web and the spasm of the upper esopha- 
geal sphincter may disappear. 


SUMMARY 


Pharyngeal dilatation may be produced 
by obstructing lesions of the hvpopharvnx 
amd upper esophagus, or it may be associ- 
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ated with neurologic and muscle diseases. 
Mechanical causes for pharyngeal dys- 
phagia can usually be recognized, but char- 
acteristic roentgenologic manifestations of 
neuromuscular lesions have been more 
dificult to identify. 

Cineroentgenography, combined with si- 
multaneous intraluminal pressure record- 
ings, has established distinguishing com- 
binations of roentgenographic signs in dis- 
orders involving the brainstem, disorders 
producing interference at the myoneural 
junction and disorders of the muscle itself. 


Martin W. Donner, M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore 5, Maryland 


REFERENCES 


Arpran, G. M., and Kemp, F. H. Protection of 
laryngeal airway during swallowmg. Brit. 7. 
Radiol., 1952, 25, 406-416. 
. Bosma, J. F. Deglutition: pharyngeal stage. 
Physiol. Rev., 1957, 37, 275-300 
Brais, R. Diseases of the Nervous System. Fifth 
edition. Oxford University Press, London, 19565. 
4. Daum, M. Schluckstórungen und Schlucklahm- 
ungen. Fortschr. a. d. Geb. d. Réntgenstr., 
1948 , 64, 167—202, 241-281, 309-353. 

c. Murray, J. P. Neuromuscular and functional dis- 
orders ef pharynx. F. Fac. Radiologists, 1958, 
9, 1385 4I. 

6. SHERBOURNE, D. M., and Donner, M. W. 
Myotome dystrophy: radiological investiga- 
tion of pharynx, esophagus and gallbladder. To 
be publ:shed. 

SIEGEL, C. I., Honna, M., Sauik, J., and MEN- 
DELOFF, A. I. Dysphagia due to granulomatous 
myositis of cricopharyngeus muscle: physio- 
logical and cineradiographic studies prior to 
and following successful surgical therapy. Tr. 
A. Am. Physicians, 1961, 74, 342-352. 


— 
. 


to 


, 
Ad 
. 


~] 


June, 1965 


ALLISON AND JOHNSTONE'S ANOMALY* 


By JAMES THOMSON WRIGHT, M.D., D.M.R., M.C.R.A, M.R.C.P.E. 


SYDNEY, N.S.W., AUSTRALIA 


Rr titles are not popular, 
but alternative names for Allison and 
Johnstone's anomaly are cumbersome. It 
has been called “oesophagus lined with 
gastric mucosa" and “gullet lined with 
columnar epithelium.” It 1s not inappro- 
priate that the names of Professors Philip 
Allison and A. S. Johnstone should be as- 
sociated with it, since they were the first to 
describe this fascinating condition. 

It is only during the last 10 to 20 years 
that our attention has been directed to the 
problem of hiatus hernia, and it is not sur- 
prising that much is still unknown on the 
subject and its related abnormalities. The 
association between hiatus hernia and re- 
flux, on the one hand, and peptic esophagi- 
tis and stricture, on the other, was reported 
by Allison! in 1948. 

Barrett,’ in 1950, drew attention to the 
confusion which had arisen over the term 
“peptic ulcer of the oesophagus,” and 
showed beyond doubt that endoscopists 
and pathologists had been talking about 
two different things. The endoscopists were 
describing the appearances produced by 
the digestive action of acid pepsin on the 
squamous epithelium of the esophagus, 
which is now known as reflux esophagitis. 
The ulcer so produced was little more than 
a superficial desquamation, being large in 
area but without depth, and although ob- 
vious to the endoscopist it became insig- 
nificant after death. The pathologists, on 
the other hand, were describing a deep 
penetrating ulcer of the esophagus, which 
was brought to their notice by a sudden 
lethal hemorrhage. 

In 1942, Dick and Hurst? noted that 
penetrating ulceration of the gullet was 
also associated with hiatus hernia, but be- 
cause of postmortem autolysis they failed 
to note that the adjacent mucosa was gas- 


tric, and thus came to the erroneous con- 
clusion that the deep ulcer was the result 
of reflex esophagitis It remained for Bar- 
rett? in 1950 to point out that the deep 
penetrating ulcers always occurred in gas- 
tric mucosa, and because of this the condi- 
tion of deep penetrating ulcer of the gullet 
is associated with h:s name. It is unfortu- 
nate that at this time he drew the wrong 
conclusion that since this ulcer was in gas- 
tric mucosa it was therefore in hiatus 
hernia. 

The true state of affairs was not revealed 
until 1953, when Allison and Johnstone? 
described 8 cases of hiatus hernia in which 
a portion of adjacent gullet was lined with 
"gastric mucosa," They called this ab- 
normal segment gulet, in spite of its gastric 
lining, because: (1) it had no peritoneum in 
relation to it; (2) it had an esophageal blood 
supply; and (3) it appeared, externally, 
identical to normal esophagus, and even 
the "gastric mucosa" lining it had some 
esophageal features. These were deep eso- 
phageal mucous glands, which are a feature 
of gullet and not of stomach, and also, at 
any level in this przfixed “gastric mucosa" 
islets of squamous epithelium could be 
found. 

It therefore beccmes clear on reviewing 
Barrett's cases that Barrett's ulcer is a 
deep penetrating ulcer of this abnormally 
lined gullet. Barrett continued for years to 
argue that it was more proper to term this 
abnormal segment stomach, until 19:8 
when he published an article entitled 
"Lower Gullet Lined with Columnar Epi- 
thelium,” finally capitulating to the 
strength of the arzument put forward by 
Allison and Johnszone. The difference be- 
tween the two ulcers as to frequency, site, 
pathology, roentgen signs and presentation 
is shown in Table 1. 


* Extracted from & thesis which is the property of the University of Edinburgh. 
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TABLE I 


COMPARISON OF THE TWO TYPES OF SIMPLE ULCERATION OF THE GULLET 

















Ulcer of Peptic Esophagitis | Barrett’s Ulcer 
Frequency Common | Rare 
Site In squamous epithelium at the | In gastric mucosa anywhere in gullet 


mucosal transition 





Pathology Superficial desquamation only Deep penetrating ulcer 


Koentgenologic Manifestations | Stricture only 


Presentation Dysphagia 








ANATOMIC CONSIDERATIONS 


In order to understand hiatus hernia and 
to relate roentgenology to surgery, certain 
anatomic relations have to be defined. It 
soon became apparent that endoscopic 
levels measured from the upper alveolus 
and related to other mediastinal structures 
were not the same as those measured by 
anatomists on the cadaver. This 1s because 
the endoscope, no matter how skillfully in- 
serted, stretches the gullet and thus exag- 
gerates distance. It is noteworthy that an 
endoscopist may make a lesion appear 
lower than it is but never higher. By com- 
paring the endoscopic distances of struc- 
tures from the upper alveolus with their 
level apparent on the roentgenogram, it 
was possible to establish a more realistic 
relationship. These levels which are shown 
in Figure 1 are: 


Upper end of the esophagus—15 cm. 
Upper border of aortic arch—20 cm. 
Lower border of aortic arch—23 cm. 
Left main bronchus —26 cm. 
[nferior pulmonary vein 30 cm. 
Hiatus esophageus 38 cm. 








The blood supply of the thoracic portion 
of the esophagus is by segmental branches 
directly from the aorta, which run trans- 
versely or downwards, the lowest one com- 
ing off at the level of the lower pulmonary 
vein. The esophagus in the region of the 
hiatus esophageus is supplied by a small 
twig from the left gastric artery. Perito- 





Ulcer niche and barium rest 





Severe, often lethal, hemorrhage 


neum is reflected from the stomach around 
the hiatus esophageus, save for a small area 
posteriorly— the bare area of the stomach. 
All these features are shown in Figure 1. 

It is inrportant to find a suitable defini- 
tion for esophagus or gullet, because if it be 
that portion of the upper alimentary tract 
lined with squamous epithelium, then there 
are cases which could be said to have 2 
stomachs and hardly any esophagus. If, on 
the other hand, it is the tubular portion of 
the upper alimentary tract Joining pharynx 
to stomach, then the lower 2 cm. of the 
tube is normally lined with "gastric 
mucosa,’’'? the lower end point being where 
the tube widens abruptly into the stomach. 
For the purpose of this paper, the latter 
definition has been accepted. 

In Figure 2 the anatomic relationships of 
a straight forward short esophagus type 
hiatus hernia are shown with the endoscopic 
transition at 34 cm., corresponding to its 
anticipated roentgenographic site. The 
gastric dome is supplied by the left gastric 
artery, and it has a peritoneal sac situated 
anterolaterally. The adjacent esophagus, 
which is lined with squamous epithelium, is 
supplied bs the lowest segmental branch of 
the aorta running downwards. 


PHYSIOLOGIC CONSIDERATIONS 


The intermittent constriction of the car- 
diac sphincter mechanism is a useful land- 
mark to mark the lower end of the esopha- 
gus. Although it may not be exactly at the 





, 


Fic. 1. The mediastinal relations of the thoracic 
esophagus are shown along with the endoscopic 





levels of these structures measured in centimeters 
from the upper alveolus. The shaded area indi- 
cates squamous epithelium and the unshaded area 
gastric mucosa. It will be noticed that the lower 2 
cm. of gullet has the same epithelium as the 
stomach. The blood supply of stomach and gullet 
is indicated along with the peritoneal reflection 
between stomach and diaphragm. 


lower end of the gullet, it is at least within 
2 cm. of it. It is apparent to the radiologist 
as a localized narrowing intermittently 
present at the lower end of the gullet. There 
have been various reports of an anatomic 
sphincter" and there have been at least as 
many denying its existence.^!* 

Regardless of the difficulty in demon- 
strating an anatomic sphincter, there is no 
doubt as to the presence of a physiologic 
one. Further confirmation of the existence 
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of a physiologic sphincter mechanism is 
supplied by the technique of intraluminal 
esophageal pressure recordings. A high 
pressure zone was demonstrated by Fvke, 
Code and Schlegel!’ in 1956 similar to that 
encountered at the pharyngoesophageal 


junction, and it extended from 1 to 2 cm. 


above the hiatus to 1 to 2 cm. below it. 
These findings were confirmed by High- 
tower" in 1958. It would appear that there 
is a physiologic sphincter mechanism, and 
it is normally closed unless compelled to 





lig. 2. Showing the anatomy of a typical short 
esophagus type hiatus hernia. The blood supply 
of herniated stomach from the left gastric artery 
and the small anterolateral peritoneal sac are in- 
dicated. The mucosal transition is at the junction 
between the shaded and nonshaded areas in the 
anticipated site. The adjacent esophagus, which 
is lined with squamous epithelium, is supplied by 
branch from the aorta 


the lowest segmental 


running downwards. 
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open in advance of a peristaltic wave. Any 
doubt as to whether this high pressure zone 

ras due to any external mechanism has 
been removed bv the fact that this high 
pressure zone is still present, but art a 
nigher level, when associated with hiatus 
hernia. This has been shown by Carré and 
Astlev* in 1958 in the United Kingdom, and 
by Texter, Lazar, Puletti and Vantrappen?! 
m 1959 in the United States, and it is seen 
roentgenoscopically as an intermittent con- 
striction between the esophagus and the 
hernia. 


MATERIAL AND METHOD 


To define the incidence of this condition, 
100 cases filed in the disease index as hiatus 
hernia and operated upon were carefully 
reassessed. It should be stressed that in this 
series all roentgenologic phenomena were 
exactlv correlated with the findings of the 
endoscopist, the surgeon and the pathol- 
ogist, and it is only in this way that any 
meaningtul roentgenologic observations can 
be established, and the creation of a new 
mythology avoided. 

Eighty-seven per cent of the cases ap- 
peared to fit the picture of a simple hiatus 
hernia, but in 13 per cent it was obvious 
that a portion of the gullet was lined with 
gastric mucosa. This condition was made 
the subject of a special study, and other 
cases were added to a total of 27. 


[ILLUSTRATIVE CASES 


Case 1. In this 53 year old male, three years 
previously a diagnosis of short esophagus type 
hiatus hernia had been made at another hos- 
pital, and he had been advised to sit up at night. 
Six weeks before admission he sustained a back 
injury which was diagnosed as a slipped disk 
and he was confined to bed to lie fat on boards. 
One week later, at night while lying flat on his 
back, he experienced severe retrosternal cis- 
comfort and collapsed. A diagnosis of coronary 
thrombosis was made. He was admitted to the 
hospital where he later vomited half a pint of 
dark blood not mixed with food. He vomited 
blood again on two subsequent occasions. 
Barium meal examination (Fig. 34) showed a 
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Fic. 3. Case 1. (4) Barium meal examination show- 
ing a moderate sized hiatus hernia with an ulcer 
crater well above the junction of esophagus and 
stomach. The mucosal transition was, in fact, well 
above the ulcer at the site indicated by the arrow. 
There is no roentgenoscopic change at this level. 


moderate sized hiatus hernia of the short esoph- 
agus type with regurgitation. There was an 
ulcer crater present above the estimated posi- 
tion of the cardiac orifice. Endoscopic examina- 
tion showed at 27 cm. a normal transition from 
esophageal to gastric mucosa. At 33 cm. there 
was an ulcer with a white base I cm. in diam- 
eter. It had a clean cut edge and appeared to be 
situated posteriorly in the gastric mucosa. 
Tissue was taken (1) from the edge of the ulcer, 
(2) from the mucosa at the level of the ulcer 
and (3) fram the mucosa proximal to the ulcer. 


The pathologic report on these 3 specimens was 


that the mucosa was of the type normally found 
in the cardia of the stomach. 

At operation (standard left thoracotomy) 
there was no obvious gastric dome in the 
pulmonary ligament. The hiatus admitted 5 
fingers. On closer examination it was apparent 
that there was an inflammatory lesion in rela- 
tion to the distal esophagus, and it was judged 
that an ulcer was penetrating the pulmonary 
ligament. The esophagus was mobilized and 
found to be large and thick walled, and a site 
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Fic. 3. (B) Diagram showing the pathologic anatomy 
as determined by biopsy and at operation fol- 
lowed by examination of the resected specimen. 
Shaded area indicates squamous epithelium and 
nonshaded area gastric mucosa. Cross hatching is 
peritoneum. 


for section was chosen at the crossing of the left 
main bronchus. The stomach was divided and 
an end to end esophagogastrostomy was per- 
formed. The pathologic report on the ulcer was 
that the changes were those of chronic gastric 


ulceration. 


Comment. The transition of squamous 


epithelium to gastric mucosa was shown at 
endoscopy to be at 27 cm. (at the level of 


the left main bronchus), and this was con- 
firmed by biopsy. There was no roentgeno- 
logic evidence of any change at this level. 


The presence of a large hiatus supports the 


diagnosis of hiatus hernia, although self- 
reducing herniations are probably rare. 
The ulcer niche represents a Barrett's ulcer 
in a segment of esophagus lined with gas- 


James Thomson Wright 


Jone, 1965 


tric mucosa. The salient features of the 
endoscopic, operative and pathologic find- 
ings in relation to the roentgenographic 
appearance are shown in Figure 38. | 


Case n. A female of 51 years of age com- 
plained of dysphagia for 6 months. Barium meal 
examination (Fig. 44) showed a short esophagus 
type hiatus hernia with free gastroesophageal 
reflux. There was a stricture at the level of the 
aortic arch, and a local view (Fig. 48) showed 
an ulcer below the stricture. The mucosa below 
the stricture appeared even smoother than the 
mucosa above it. Endoscopic examination 
showed typical changes of peptic esophagitis, 
and stricture at 23 cm. (lower border of the 
aortic arch). Biopsy just distal to the stricture 
revealed gastric mucosa (Fig. 4C) and a few 
oxyntic cells were demonstrated by special 
stain. The patient died of a massive hemorrhage 
and at postmortem examination the gullet be- 
low the stricture was found to be lined with 
gastric mucosa. In this gastric mucosa there 
was a deep penetrating ulcer eroding a large 
vessel in its base. (The preceding features are 
related to the roentgenographic appearance in 


Figure 4D.) 


Comment. There was a large portion of 
the gullet between the hernia and the stric- 
ture lined with “gastric mucosa,” and the 
deep ulcer in this segment was a Barrett’s 
ulcer. The gastric mucosa lining the gullet 
here had no gastric features roentgenologi- 
cally, and indeed appeared smoother than 
the squamous epithelium above. 


Case 111. A female, aged 60 years, complained 
of regurgitation for 20 years, and dysphagia for 
5 years. At barium meal examination (Fig. 5, 
A and B) a short esophagus type hiatus hernia 
with free gastroesophageal reflux was found. 
There was a stricture, purse-string in type, well 
above the aortic arch, producing some proximal 
stasis and dilatation. Between the stricture and 
the lower end of the gullet, marked by the 
cardiac sphincter mechanism, lay the major 
portion of the gullet. Endosopically, there were 
changes of peptic esophagitis leading to a stric- 
ture at 20 cm. (upper border of the aortic 
arch). Biopsy at 27 cm. showed gastric mucosa 
with deep esophageal mucous glands beneath 
(Fig. £C). At operation, a small hiatus hernia 
with peritoneal sac in relation to it was found, 
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lic. 4. Case 11. (4) Barium meal examination 
showing short esophagus type hiatus hernia 
with free gastric esophageal reflux, and 
with a stricture at the level of the aortic 
arch (—). (B) Showing local view of stric- 
ture at the level of the aortic arch with an 
ulcer crater just below the stricture. (C) 
Photomicrograph of biopsy specimen just 
distal to the stricture showing mucus secret- 
ing colamnar epithelium forming simple 
P tubular glands and deeper racemose glands 
identical to the epithelium lining the cardiac 

portion of the stomach. 
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Fio. 4. (D) The features of this case as determined 
by biopsy and postmortem examination are 
shown diagrammatically in relation to the roent- 
genographic appearances. The stricture is situated 
too low in the diagram. The shaded area repre- 
sents squamous epithelium and the unshaded area 
gastric mucosa. 


and proximal to the hernia was normal esopha- 
gus. The hernia was reduced and the hiatus 
narrowed. (The preceding features are related 
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to the roentgenographic appearance in Figure 
5D.) 


Comment. The fact that most of the gul- 
let was lined with gastric mucosa was not 
apparent roentgenologically. Indeed, this 
abnormal mucosa had all the appearances 
of squamous epithelium. The repair of the 
hernia, with cessation of reflux, cured the 
patient of dysphagia and caused healing of 
the endoscopically manifest peptic esopha- 
gitis which resulted in considerable im- 
provement in the roentgenologic features of 
the stricture. 


Adenocarcinoma. This has been reported 
as a complication of Allison and John- 
stone's anomaly in pathologic specimens. 
In an attempt to see 1f this diagnosis could 
be made in life, 136 cases of adenocar- 
cinoma were reviewed. The condensed data 
from this review are shown in Table rr. The 
findings are of interest in relation to a re- 
view of adenocarcinoma of the gullet by Le 
Roux!* in 1961. Conveniently, Le Roux, 
working in the same unit, reviewed the 
same cases, and in his cases of adenocar- 
cinoma occurring at any level all were con- 
tinuous with gastric mucosa inferiorly, and 
none had squamous epithelium below. All 
these adenocarcinoma cases were, there- 
fore, derived from gastric mucosa and none 
from esophageal mucous glands. 

In view of the disruption of normal anat- 
omy produced by carcinoma and the 
ability of these tumors to grow upwards for 
a considerable extent, it was impossible, in 
retrospect, to be certain that they derived 


TABLE II 


ENDOSCOPIC LEVELS OF 176 CASES OF ADENOCARCINOMA 









Endoscopic Levels 





No. of Cases 





Percentage 37.596 


Associated Hernias | 2 para-esophageal 


hernias 





35—40 cm. 
56 


No hernias 





30-35 cm. 22—30 cm. 
d 07 
20.5% 10% 


7 hernias (short 
esophagus type) 


2 hernias (short 
esophagus type) 


* Note: The upper level of the tumor seen endoscopically was measured from the upper alveolus. 
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Fic. 5$. Case ur. (4) Barium examination 
showmg purse string type stricture, well 
above the aortic arch and producing some 
proximal stasis and dilatation. (B) Barium 
examination of the lower end of the gullet 
showmg short esophagus type hiatus hernia 
with reflux; the junction between the 
stomach and the esophagus is marked by 
the constriction of the cardiac sphincter 


N mechanism (—). Between the stricture and 
5 op the hernia lies most of the patient’s gullet. 


(C) Photomicrograph of biopsy taken from 
the level ef the aortic arch showing deep 
esophageal mucous glands (—) lying under 
columnar epithelium and under the muscu- 
laris mucosae. These mucous glands are a 
feature of esophagus and not of stomach. 


from gastric mucosa in gullet in more than Case 1v. A female, aged 71 years, complained 
2 cases, since in only 2 cases was the muco- of dysphagia for 1 year. Barium meal examina- 
sal transition above the tumor. An example tion revealel a short esophagus type hiatus 
of this is given in the following case. hernia with seflux, and above the hernia was an 


Itc. §. (D) The features assessed by biopsy and at 
operation are shown diagrammatically in relation 
to the roentgenographic appearances. The shaded 
area indicates squamous epithelium and the un- 
shaded area gastric mucosa. 


obvious tumor obstructing the gullet (Fig. 6). 
Endoscopy at 21 cm. (upper border of the 
aortic arch) showed a normal transition from 
squamous to gastric mucosa, and at 3o cm. 
there was tumor. Biopsy proximal to the tumor 
showed gastric mucosa and biopsy of the 
tumor showed adenocarcinoma. At operation, 
the presence of a hiatus hernia with a tumor 
of the gullet above was confirmed but the case 
was inoperable. 


Comment. The high transition was not 
apparent roentgenologically and adenocar- 
cinoma is, therefore, one complication 
which does not help towards a roentgeno- 
logic diagnosis of Allison and Johnstone’s 
anomaly. 
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HISTOLOGIC FEATURES 


The histologic features of the prefixed 
gastric mucosa have been assessed from the 
routine biopsy material obtained at endos- 
copy, or from the microscopic examination 
of resected specimens. From these random 
samples, it appears that in 18 of the cases, 
the gullet was linec with mucus secreting 
columnar epithelium forming simple tubu- 
lar glands and deeper racemose glands, 
identical to the epithelium lining the car- 
diac portion of the stomach (Fig. 4C). The 
presence of esophageal 
underneath this columnar epithelium and 
under the muscularis mucosae is seen in 
Figure £C. In 4 of the cases, definite oxyntic 
cells were found in the prefixed gastric 
mucosa, and this was confirmed by stain- 


mucous glands 





Fic. 6. Case rv. Barium meal showing hiatus hernia 
with a tumor above obstructing the esophagus. 
The endoscopically determined mucosal transition 
is indicated by the arrow. 
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Tague III 
DIAGNOSTIC FEATURES OF 27 CASES OF ALLISON AND: JOHNSTONE'S ANOMALY 
Directly , Not 
l ; Diagnosable by Inference ; 
Diagnosable " Diagnosable 
Diagnostic Mucosal pattern | Stricture above inferior pulmo- | Barrett's ulcer | No rugosity 
Features showing gastric nary vein level or above the No stricture 
rugosity cardiac sphincter mechanism No Barrett’s ulcer 
: je | 

No. of Cases | 4 i^ 3 4 








img the sections in a special wav. In 2 of 
these cases oxyntic cells were found at the 
level of the left main bronchus, and, there- 
tore, high up in the segment of gullet lined 
with gastric mucosa, quite near to the 
transition, which in both of these cases lay 
at the aortic arch. This is contrary to the 
findings of Allison and Johnstone in 1953, 
who said that oxyntic cells were entirely 
absent in the segment in question. Barrett 
in 1958 stated that they may occur at the 
lower end. The 2 cases cited here indicate 
that they may occur at the upper end. 
Nevertheless, it is important to stress that 
the presence of oxyntic cells anywhere in 
the prefixed gastric mucosa is exceptional. 


ROENTGENOLOGIC FEATURES 


In reviewing this large number of cases 
certain facts about reflux esophagitis be- 
came crystal clear. Because the ulcer of re- 
flux esophagitis affecting squamous epi- 
thelium represents only a superficial des- 
quamation, 1t can never be seen as a roent- 
genologic ulcer, and cannot, by its very 
nature, be represented by a barium rest or 
ulcer niche. Indeed, the only roentgeno- 
legic manifestation of reflux esophagitis is 
stricture. The lower limit of this stricture 
marks the mucosal transition. 

Without a complicating stricture from 
reflux esophagitis, the mucosal transition 
cannot be determined. In none of these 
cases was there any evidence of sharp 
change in mucosal pattern, nor was there 
any contractile ring to mark the spot. The 
uncomplicated case is, therefore, undiag- 


nosable roentgenologically and in some 
cases the diagnosis can only be made by 
the endoscopist as a chance finding, which 
proved to be so in some of the cases in this 
series. The diagnostic features are sum- 
marized in Table m1. 

Twenty of the 27 cases had an associated 
hiatus hernia. All of these were of the 
short esophagus type excepting 2 which 
were paraesophageal. All cases personally 
examined had hiatus hernia. All but 2 of 
the cases with peptic esophagitis had as- 
sociated reflux. These 2 exceptions would 
indicate that occasionally the gastric mu- 
cosa Iming the gullet may produce enough 
acid pepsin unaided to digest the squamous 
epithelium above it. 

A comparison was carried out of the 
levels of the mucosal transition of a large 
number of cases of simple hiatus hernia 
with cases which had a portion of gullet 
lined with gastric mucosa. The result of this 
comparison is shown in Figure 7. It will be 
seen that in the uncomplicated cases of 
hiatus hernia, the mucosal transition is 
never higher than the lower pulmonary 
vein at 30 cm. In only 3 of the cases in 
which a portion of gullet was lined with 
gastric mucosa was the transition as low as 
the lower pulmonary vein. In all the other 
cases, the transition was higher. Three of 
the cases had hardly any squamous epi- 
thelium in the gullet at all. It is possible to 
state clearly that if the mucosal transition 
is above the lower pulmonary vein level at 
30 cm., then a portion of gullet is lined with 
gastric mucosa. 


«qNo of patients 


Group Il 





L.M.B.m Left Main Bronchus 
ILP. V = interior Pulmonary Vein 
H ^ Hiatus 


[ ]-6astric Mucosa FRE] — Squamous Epithelium 


C -p = Crico - pharyngeus 
A.A.= Aortic Arch 


Fic. 7. Comparison of the levels of the mucosal 
transition of 26 cases of Allison and Johnstone’s 
anomaly, with 73 cases of uncomplicated hiatus 
hernia. It will be noted that the mucosal transition 
in Allison and Johnstone’s anomaly is never lower 
than inferior pulmonary vein level, and, if the 
transition is above this level, then a portion of 
gullet is lined with gastric mucosa. 


BARRETT ’S ULCER 


There were 7 cases in all, 5 of which had 
an associated hiatus hernia. In only 1 case 
was there no gastroesophageal reflux. 
Stricture formation caused by Barrett’s 
ulceration was present in 2 cases. 

The roentgenologic diagnosis of Bar- 
rett’s ulceration is usually difficult. An 
ulcer niche or barium rest in the gullet can 
be simulated by a diverticulum or a pseudo- 
diverticulum or barium in the rugose folds 
of gastric mucosa in a hiatus hernia above 
the diaphragm. In the absence of radiating 
mucosal folds or stricture formation, the 
diagnosis can only be made in conjunction 
with the endoscopic findings, and if the 
endoscopist finds that the mucosal transi- 
tion is well above 30 cm., then the chance 
that the appearance of ulceration is genuine 
is greatly enhanced. There is always the 
possibility that a gastric ulcer in the hernia 
itself may be wrongly described as a Bar- 
rett’s ulcer. 

It is also worth noting that simple ulcera- 
tion of the esophagus, visible as a barium 
rest or ulcer niche, never occurs in normal 
gullet, but only when it is lined with gastric 
mucosa. Therefore, if a deep penetrating 
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ulcer is proved in relation to gullet, then 
that portion of gullet is lined with gastric 
mucosa. In most cases the diagnosis can 
only be made when these complications 
develop. In 23 of the cases, the prefixed 
gastric mucosa produced a mucosal pattern 
of fine vertical lines which we associate 
with squamous epithelium, and it is clear 
that in the vast majority of cases the condi- 
tion cannot be diagnosed directly. 


ETIOLOGY 


Columnar epithelium normally occurs in 
the gullet in 2 types of glands. 


1. Superficial Cardiac Glands. These occur 
at the upper end between the cricoid and 
the sth tracheal ring, and in the last few 
millimeters of the lower end. Although 
superficial, these glands have a covering of 
squamous epithelium. 


2. Deep Esophageal Mucous Glands. 'These 
are distributed sparsely and unevenly 
throughout the esophagus, are 200 to 300 in 
number and lie in or below the muscularis 
mucosae (Fig. sC). 


Itis of interest to note that if the esopha- 
gus be defined as the tubular viscus be- 
tween the pharynx and the stomach, then 
the lower 2 cm. is lined with columnar 
epithelium.” 

Columnar epithelium can occur abnor- 
mally in various parts of the esophagus, 
and various explanations have been offered 
to account for this. The first description of 
ectopic gastric mucosa in the gullet was by 
Schmidt?? in 1805. He described islets of 
gastric mucosa, some of which were large 
enough to be visible to the naked eye, and 
nearly all of which were at the upper end of 
the gullet. 

Oxyntic cells may be present, but no 
definite pathology has ever been associated 
with these islets, with the possible excep- 
tion of 1 case of adenocarcinoma described 
by Carrie" in 1950. 

The presence of columnar epithelium in 
the gullet can be explained on embryologic 
grounds. This has been studied by Johns!’ 
in I952, who says that the entodermal 
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epithelium of the esophagus is composed at 
one embryologic stage, of small columnar 
ciliated cells replaced later by squamous 
epithelium, and the replacement starts at 
the middle of the gullet and works out 
towards either end. Failure of completion of 
this process would result in columnar epi- 
thelium occurring at the upper and lower 
extremities of the gullet. All the reports of 
heterotopic mucosa indicate that it occurs 
at the upper end of the gullet. It has been 
assumed by Barrett that the gastric mu- 
cesa occurring in the lower end of the gul- 
let, and in continuity with the gastric 
mucosa below the diaphragm, is also of 
congenital origin, probably because of 
diffculty in imagining it occurring in any 
other way. 

The congenital origin of this prefixed 
gastric mucosa 1s supported by some of the 
cases in this series. Three of the cases had 
associated congenital anomalies. One had a 
right sided aortic arch, another had a hare- 
lip and cleft palate, and a third had con- 
genital aortic stenosis. If paraesophageal 
hiatus hernias are considered to be con- 
genital, then it is possible to say that 5 of 
the cases were thus associated. 

There are, however, strong objections to 
the congenital nature of this condition. 
First of all, it has never been described as a 
finding in stillborn infants. It has not been 
satisfactorily explained why nearly all cases 
of gullet lined with gastric mucosa are 
associated with hiatus hernia. The reason 
given by Barrett is that when the condition 
is complicated by hiatus hernia, with the 
production of esophagitis, then the condi- 
tion is brought to our notice. If it were true 
that this is a fortuitous combination, then 
many more cases would be discovered 
aecidentally at endoscopy and postmortem 
examination than is, in fact, the case. The 
third objection is that if congenitally dis- 
placed gastric mucosa occurs only in mi- 
nute islets at the upper end, why does it 
abways occur in a continuous sheet at the 
lewer? Hayward’s position is to accept this 
condition as acquired until proved other- 
wise, and this attitude has much to recom- 
mend it. 
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The acquired. theory is based on an 
analogy with erosions of the uterine cervix, 
in which squamous epithelium becomes 
displaced by downgrowths of columnar 
epithelium, as a result of chronic inflamma- 
tion. Thus, by extrapolation, peptic esopha- 
gitis from acid pepsin reflux results in de- 
squamation of squamous epithelium, which 
is replaced by upward extension of the 
gastric mucosa of the stomach, which is, of 
course, resistant to acid pepsin, and re- 
peated attacks of peptic esophagitis result 
in a climbmg mucosal transition. The possi- 
bility of metaplasia or regeneration from 
mucous glands would also be worthy of 
consideration. 

It was not possible to discover in the long 
term records of our cases any evidence of a 
climbing mucosal transition, but in 1960, 
Goldman and Beckman" described just 
such a case. The case in question had roent- 
genologic and endoscopic evidence of a 
mucosal transition climbing, during the 
course of 9 vears, from the junction of the 
middle and lower thirds of the esophagus at 
33 cm. to the level of the aortic arch, or 
above, at 22 cm. The roentgenographic 
evidence, unfortunately, is so poor that it 
can be discarded. The crucial points of the 
case are endoscopic and histologic. In 1950, 
a biopsy at 33 cm. showed both squamous 
and columnar epithelium, and was consid- 
ered to be the transition, and in 1959, there 
was a stricture and esophagitis at 22 cm., 
and a biopsy showed columnar epithelium 
at 24, 30 and 32 cm. The weakness of the 
case is the fact that these observations 
were made bv two separate observers at 
separate hospitals, separated bv a period of 
9 years. 

The acquired theory is not supported by 
all the cases in this series. Eight of the cases 
had no evidence of esophagitis, either 
endoscopically or roentgenologically. Some 
of the cases had no history of heartburn or 
dysphagia, some of the cases had no reflux, 
and it is drficult to see how they ever could 
have suffered from repeated attacks of 
peptic esophagitis in such a way that over 
two thirds of the gullet became lined with 
gastric mucosa. From the evidence pre- 


320 


 sented here, the Scottish verdict of “not 
proven" is applicable. An attractive solu- 
tion would be to postulate two types—one 
acquired and the other congenital. 


SUMMARY AND CONCLUSIONS 


Gullet lined with gastric mucosa is a clear 
cut entity and is distinguishable from hia- 
tus hernia with which it is often associated. 
Since an eponymous title seems inevitable, 
the term Allison and Johnstone's anomaly 
has been applied. 

The following conclusions have been 
reached regarding the roentgenologic diag- 
nosis: 

i. The uncomplicated condition is 
largely undiagnosable roentgenologically. 

2. The lower limit of the stricture of 
peptic esophagitis marks the mucosal 
transition. 

3. If the mucosal transition lies above 
the level of the inferior pulmonary vein at 
30 cm., then a portion of gullet is lined with 
gastric mucosa. 

4. If the stricture of peptic esophagitis is 
shown to be above the constriction of the 
cardiac sphincter mechanism, then a por- 
tion of gullet is lined with gastric mucosa. 

5. Ulcers of gullet manifest as ulcer niche 
or barium rest are always in gastric mucosa 
lining that gullet. 

The acquired and congenital theories of 
causations have been discussed. 


Department of Diagnostic Radiology 
Sydney Hospital 
Sydney, N.S.W., Australia 
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STRICTURE OF THE ESOPHAGUS DUE 


TO 


NASOGASTRIC INTUBATION* 


By IRVING WALDMAN, CAPTAIN, USAF MC, and 
LEONARD BERLIN, CAPTAIN, USAF MC 


DAYTON, 


NFLAMMATORY diseases constitute 

the most frequently encountered ab- 
normalities of the esophagus." Most of 
these lesions subside spontaneously without 
residual change; an occasional case will pro- 
ceed to fibrosis or even subsequent stricture 
formation. The most frequent cause of 
esophagitis leading to stricture is hiatus 
hernia with reflux.!" Among the rarer causes 
is the subject of this report, namely, 
esophageal irritation due to repeated or 
prolonged intubation with a nasogastric 
tube. 


REPORT OF A CASE 


R.N., a 31 year old white male, was admitted 
to the hospital with a 2 month history of rectal 
bleeding and increasing constipation. Rectal 
examination and proctoscopy revealed a mass 
lying 6 cm. above the anus. After biopsy showed 
this to be adenocarcinoma, a combined ab- 
dominal-perineal resection was carried out on 
July 23, 1962. On the day of surgery, a naso- 
gastric tube was inserted through the patient’s 
nose; this was kept in place for 2 days at which 
time it was removed. Within a few hours, how- 
ever, the patient became distended and 
vomited. A Levin tube was then re-inserted and 
was left in place for 6 more days. On the seventh 
postoperative day with the tube in place, the 
patient developed intermittent retrosternal 
pain, but, because of continued abdominal dis- 
tention, the Levin tube was not removed until 
the ninth postoperative day. 

Within 3 or 4 days following removal of the 
tube, intermittent dysphagia occurred. This 
persisted for the next 2 months, but was not 
investigated because of other postoperative 
complications which arose; namely, ureteral 
obstruction and a persistent perineal fistula. 
When the patient’s condition stabilized, a 
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Fic. 1. October 16, 1962: Esophagram done 4 weeks 
after onset of dysphagia showing annular con- 
stricting lesion of mid-esophagus. 





barium swallow study was performed; this 
showed a constricting lesion of the lower esopha- 
gus measuring 3 cm. in length (Fig. 1). Esopha- 
goscopy confirmed an annular lesion at this site 
which was removed through the esophagoscope, 
leaving sightly denuded but relatively intact 
mucosa. The specimen consisted grossly of a 
tubular piece of whitish tissue measuring 3 
cm. in length and histologically showed frag- 
ments of esophageal mucosa, granulation tissue, 
and fibropurulent exudate. After esophagos- 
copy, the dysphagia was much decreased and 
repeat esophagoscopy on November 15 and 
December 27 showed only slight narrowing of 
the esophagus at the site of previous abnormal- 
ity. The mucosa was completely intact. Barium 
swallow studies have shown subsequent return 
of the esephagus to normal with only minimal 
residual narrowing at the site of the previous 
stricture (Fig. 2 and 3). 


* From the Roentgenology Service Branch, USAF Hospital Wright-Patterson, Wright-Patterson Air Force Base, Ohio. 
The views expressed herein are those of the authors and do not necessarily reflect the views of the U. S. Air Force or the Department 


of Defense. 
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Fic. 2. November 28, 1962: Roentgenogram taken 6 
weeks following removal of granulation tissue 
shows increase in caliber of esophagus. 


DISCUSSION 

The question of whether esophageal intu- 
bation is a true cause of stricture has been a 
subject of controversy in the literature 
since Vinson!! advanced the possibility in 
1941. From the numerous articles written 
on this subject, the present authors have 
collected a unique group of patients, who, 
without history of esophageal disease, de- 
veloped esophageal stricture following ab- 
dominal surgery and a postoperative course 
that included a period of nasogastric in- 
tubation. 

Table 1 summarizes these case reports 
along with our new case. 

Of these patients, almost two-thirds were 
admitted for duodenal ulcer disease, and all 
but one underwent a major abdominal sur- 
gical procedure. All of the 16 patients were 
intubated during hospitalization for vary- 
ing lengths of time. Only 6 patients de- 
veloped postoperative vomiting, and in 
only 3 of these was this symptom severe. 
Four of the group were shown to have a 
hiatus hernia, but in only I was it demon- 
strated before hospitalization; in the re- 
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maining 3, preoperative esophagrams were 
normal. 

Since the nasogastric tube was used in all 
of the patients recorded, we feel that 
esophageal intubation plaved a significant 
role in the production of the stricture. 

This opinion has, however, not been 
shared by all of the previous authors. 

Benedict and Gillespie! felt that peptic 
ulcer disease predisposed to esophagitis and 
subsequent stricture formation because of 
increased secretion of gastric Juices and in- 
creased probability of reflux. Although 
other investigators?? have reported an in- 
creased incidence of esophagitis in patients 
with peptic ulcer disease, we do not feel 
that this is of crucial importance since pep- 
tic disease was not present in all of the pa- 
tients summarized. 

Douglas! and Larson ef al. have sug- 
gested that the act of violent vomiting of 
gastroduodenal juices was an important 
etiologic factor; however, less than half of 
the recorded patients showed any vomiting 
at all, and in only 3 of these was it severe. 

Straus? has proposed that an inflam- 





hic. 3. April 18, 7963: Barium swallow study 
shows return to normal of the esophagus. 
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matory process occurring in the upper 
abdomen combined with surgical trauma 
produced an ascending retrograde throm- 
bophlebitis with resultant fibrosis and 
stricture of the periesophageal tissue. This 
particular view is thought to be quite 
unlikely.!? 


Bingham? decided that hiatus hernia was 


the responsible mechanism, but in only 4 of 


our cases was a hernia present. 

The pathogenesis of the production of 
stricture due to intubation has been at- 
tributed to the irritation of passage, or to 


position, of the tube over a long period of 


time,’ or as a result of straightening ot the 
esophagogastric angle allowing gastric Juices 
to trickle about the tube into the distal 
esophagus.^? This latter hypothesis has 


been challenged by the work of Nagler e¢ 


al.’ who failed to demonstrate anv reflux 
around nasogastric tubes experimentally in 
20 patients. We feel that the most likely 
etiology of stricture in the cases summar- 
ized is direct trauma of passage or pro- 
longed use of a nasogastric tube. 

In summary, several etiologic possibili- 
ties have been advanced in 16 
esophagitis with subsequent stricture for- 
mation. Of these, only nasogastric intuba- 
tion occurred in every case, and theretore, 
appears to be the most likely cause. 


DIFFERENTIAL DIAGNOSIS 


The constricting lesion of the esophagus 
demonstrated in our patient (Fig. 1) closely 
resembles carcinoma. Indeed, on a purely 
roentgenographic basis, it would be dificult 
to differentiate a m align ancy from a benign 
stricture in this case. If this roentgeno- 
graphic appearance is found in a patient 
with the history and clinical events de- 
scribed above, the possibility of nasogas- 
tric stricture can be strongly suspected. 
Other causes of benign stricture to be con- 
sidered are hiatus hernia with reflux, inges- 
tion of caustics, perforation by foreign bod- 


Irving Waldman and Leonard Berlin 


cases of 


Jeng, 1965 


les o or SERN: nS or (d sen s is 


CONCLUSION 


A case of stricture of the esophagus tol- 
lowing repeated and prolonged nasogastric 
intubation has been presented. The role ot 
the nasogastric tube in the pathogenesis ot 
stricture 1s discussed. 

Irving Waldman, Captain, USAF MC 
USAF Hospital Wright-Patterson 
Wright-Patterson AFB, Ohio 45433 
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GASTROESOPHAGEAL REFLUX ELICITED WHILE 
DRINKING WATER -(WATER SIPHONAGE TEST) 


ITS CLINICAL 


By JOSEPH E. 


CORRELATION Wy 


LINSMAN, M.D.* 


BEVERLY HILLS, CALIFORNIA 


ASTROESOPHAGEAL reflux is gen- 
erallv recognized as the pr eponderant 
factor in the causation of most cases 
esophagitis and the accompanying symp- 
tom of pvrosis.^ ^! The presence of spon- 
taneous or free gastroesophageal reflux 
is infrequently demonstrated during the 
course of a routine upper gastrointestinal 
roentgenologic study. T his is often true 
even when a hiatal hernia is present? ^? 

In the majority of individuals with eso- 
phagitis, where one might expect reflux, it is 
not demonstrable during the conventional 
roentgenologic study. Because the physi- 
cian has not received expected confirmatory 
findings of demonstrable reflux from roent- 
zenologists in these instances, he has de- 
veloped and uses other procec lures that are 
helptul in the establishment of such a diag- 
nosis. These procedures are: (1) esophagos- 
copy," (2) the acid perfusion test of Bern- 
stein ef a£! in which there is infusion of 
hydrochloric acid into the esophagus with 
production of symptoms, (3) the aspiration 
test, and (4) simult: aneous measurement of 
pH and intraluminal pressures." None of 
these is an especiallv simple test nor are 
thev all readily available for use by the aver- 

age practicing physician. 

Therefore, any simple standardized 
TE it technique that could estab- 
lish the presence of gastroesophageal reflux 
would be of great value. Such a roentgeno- 
logic procedure that can be pertormed 
quickly and easily was introduced by de- 
Carvalho,’ a Portuguese surgeon, in 1951. 
At the completion of the conventional up- 
per gastrointestinal examination, he placed 
the patient in a supine esas and then 
rolled him to the right about 44 degrees 





of 


(Fig. 1). In this position, with the patient's 
esophagoegastric region centered under the 
Huoroscopic screen, he had the patient 
drink 1c2 to 200 cc. of water. The water 
first clears all residual barium from the 
esophagus, and then, it reflux is present, 
gastric barium erupts into the esophagus 
and the test is considered positive. De- 
C ary alho reters to this as a "water siphon- 
age" test, Since "siphonage" implies that 
fluid is dins transferred from a lower level 
over an intermediate elevation, the author's 
use of the term is inaccurate. More pre- 
cisely, one might refer to this phenomenon 
as gastroesophageal reflux elicited while 
drinking water in the supine position. The 
author aso points out that such reflux does 
not necessarily occur in all hiatal hernias, 
and significantly adds that it occurs very 
uu in P ts RUE na UM 


svn a ome. 

A test tor eliciting gastroesophageal re- 
Hux must have a significant clinical correla- 
tion if it is to be accepted as part of a rou- 
tine gastrointestinal study. To determine 
whether a correlation with pvrosis existed, 
I,00O consecutive upper gastrointestinal 
studies in ambulatory patients seen in an 
ofice rcentgenologic practice were ana- 
lyzed. Age, sex, presence of pvrosis, demon- 
stration of reflux triggered by the patient's 
drinking. water while supine, existence of 
hiatal hernia and the presence of peptic ul- 


cer, either gastric or duodenal, were tabu- 
lated. 


METHOD OF EXAMINATION 


Following the usual upper gastrointes- 
tinal stuely ‘and immediately after all roent- 
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Fic. 1. Patient is supine and turned to the right about 45°. The container with water may be held with 


the right hand, and the left arm is behind the head and out of the screening field 


genography has been completed, the pa- 
tient is placed on his left side so that the 
barium accumulates in the fundus. Consid- 
erable barium should have remained in the 
stomach, but if that organ has emptied 
rapidly, additional barium should be given. 
The patient 1s asked to roll onto his back 
and then about 45 degrees toward the right 
side at which time he is given a container 
with about 200 cc. of cold water in which 
there is a rather large bore plastic tube 
from which he drinks when directed to do 
so. The patient's left arm is moved up- 
wards behind the head and out of the 
screening field. The right arm is positioned 
so that he is able to hold the container with 
the right hand (Fig. 1). The fluoroscopic 
screen 1s centered over the gastroesophageal 
segment. The patient is then directed to 
drink rapidly as much water as possible. 
The Trendelenburg position is not used. 
The water clears all residual barium from 
the esophagus, and the test 1s negative if no 
barium returns to the esophagus trom the 
stomach. The presence of a few trickles of 
barium-stained water does not constitute a 
positive test and moreover is rather fre- 
quent. 

If the test is positive, there is, after a 
momentary delay, a brief peaking or tent- 
ing of the barium filled fundus of the stom- 


ach and immediately thereafter, a dramatic 
filling of the lower esophagus, often to the 
level of the aortic arch (Fig. 2, 4 and B). 
The quantity of barium that rushes cepha- 
lad is variable but often it is massive (Fig. 
3, 7 and B). Thereafter, it is rather easy to 
elicit reflux or even to demonstrate a latent 
sliding hernia although the patient is not 
drinking (Fig. 4, Z and B). Sometimes, roll- 
ing the patient slightly backwards and for- 
wards aids in starting the regurgitant flow. 
Deep respiratory movements also may be of 
help. Rarely does the patient notice symp- 
toms at the time of reflux. 

In order to correlate the positive and 
negative findings with pvrosis, each patient 
examined was queried concerning the pres- 
ence of heartburn. Pvrosis or heartburn is 
defined as pain, discomfort, or a burning 
sensation high in the epigastrium or in the 
retrosternal area often made worse while 
lying down, bending, or stooping. When the 
patient denied the presence of pyrosis on 
routine questioning, repeated leading ques- 
tions often evoked a history of this con- 
dition at some previous time. 


RESULTS 
The sex distribution of the 1,000 cases 


was essentially equal (Table 1). There was 
likewise about equal distribution between 
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lic. 2. (4) Reflux begins with barium peaking from the fundus into the lower esophagus. (B) Further 
reflux carries barium in the esophagus to the level of the aortic arch. 


males and females who did show reflux 
(Table 11). The fact that patients between 
II and 20 years of age showed gastro- 
esophageal reflux 1s not disturbing since 
these mav in later life be those who develop 
esophagitis and pyrosis. The greatest in- 
cidence of induced reflux was between 41 
and 71 vears of age. 

[t is noted that 40.5 per cent of all pa- 
tients exhibited gastroesophageal reflux 
while drinking water in the supine position 
and that 57.5 per cent of these had pyrosis; 
59.6 per cent did not show reflux, and of 
this group, only 13.9 per cent had pvrosis 
‘Table 11). Therefore, pyrosis was 4.1 times 
as common in those with reflux. 

Of the entire series, 31.6 per cent had 
some degree of pvrosis, and 73.7 per cent 
of these refluxed, whereas 68.4 per cent had 
no pvrosis, and of these only 25.1 per cent 
refluxed (Table 1v). Consequently, 2.9 
times as many patients with pyrosis showed 
reflux than those who had none. 

Of the 9 per cent in this series who had 
hiatal hernias, 78.9 per cent showed roent- 
genologically demonstrable reflux (Table 


AGE AND SEX DISTRIBUTION IN 


v). This is only slightly higher than the 
73.7 per cent who had pyrosis but not 
necessarily an accompanying hiatal hernia 
(Table 1v). Not all patients with hiatal 
hernias could be made to reflux even with 
this special procedure. 


TABLE I 

1,000 CONSECUTIVE 

GASTROINTESTINAL STUDIES TESTED FOR 

GASTROESOPHAGEAL REFLUX WHILE 
DRINKING WATER SUPINE 


UPPER 





Per Cent 


Age Group Males Females RP 
: of Total 
I—IO 5 | Q.b 
11-20 II 9 2.0 
21-40 42 38 8.0 
31-40 56 73 12.9 
41—50 105 125 22.8 
$1—60 I 3I 104 21.5 
OI “TO 96 tp he 20.8 
71-80 40 44 8.4 
Si+ 4 6 1.0 
Totals 490 510 100.0 
07 - 
(49%) (51%) 
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Fic. 3. (4 and B) Gastroesophageal reflux filling the entire infra-aortic portion of the esophagus evoked while 
the patient was supine and drinking water. (C and D) Double contrast effect that is imparted in the 
esophagus in many of these studies. 
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ic. 4. (4 and B) Sliding hiatal hernias not disclosed until the the water technique first showed 
gastroesophageal reflux. 


Eighteen per cent of the patients had 
peptic ulcer, either gastric or duodenal 
(Table v). Only 38.3 per cent of these indi- 
viduals showed gastroesophageal reflux, a 
figure not significantly different than the 
40.5 per cent reflux figure for the entire se- 
ries (Table 11). 


Serencipitously, latent sliding hiatal 
hernias were frequently demonstrated at 
the time of reflux (Fig. 4, 7 and B). Once 
discovered, it was quite easy to demon- 
strate these with conventional methods. In 
instances where small hiatal hernias had 
been demonstrated prior to the perfor- 


TABLE II 


AGE AND SEX DISTRIBUTION OF 4O5 PATIENTS WHO SHOWED REFLUX WHILE DRINKING WATER SUPINE 








Are Males Females 

I-10 O O 
11-20 4 l 
21-130 21 [1 
31-40 27 9 
41-50 44 42 
$1—60 47 33 
61-70 44 $2 
71-80 24 22 
o01—9O 3 I 
Totals 214 1091 








Per Cent of 


Total Total with arab 
l ' Entire Series 
Examined Reflux ; | 
(1,000 patients) 
N O O 
20 5 [3 
yO 22 7 40 
I 29 $6 13.35 
228 SO 21,4 
235 sO Ig. 
208 96 27, 
04 46 11.4 
IO 4 [.O 
I ,OOO 405 99.6 
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lic. §. Junctional ulcer is shown with a fully dis- 
tended esophagus above and herniated stomach 
below the site of ulceration as gastroesophageal re- 
flux occurred with the patient drinking water while 
supine and rolled to the right 45°. 


mance of the test, these manifest hernias 
were often more easily seen at the time of 
reflux. 

It reflux occurred while the patient was 


Tase III 


CORRELATION OF GASTROESOPHAGEAL REFLUX ELIC- 
ITED WHILE DRINKING WATER AND PYROSIS (1,000 
CONSECUTIVE UPPER GASTROINTESTINAL STUDIES) 


Per No. with Per 











NU. vx : ^ 
Cent Pyrosis Cent 
Patients Showing Reflux 405 40.5 Pil Ue 
Patients Not Showing 
Reflux $95 59.5 ^3 13.9 
Totals I,000  IOO Sió. Bro 
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Tage IV 


THE PRESENCE OF PYROSIS AND 
GASTROESOPHAGEAL REFLUX ELICITED WHILE DRINK- 
ING WATER (1,000 CONSECUTIVE UPPER 
GASTROINTESTINAL STUDIES) 


CORRELATION OF 


No. with Per 





N Per 
NO ` ^ 
Cent Reflux Cent 
Pyrosis History or 
Complaint Ste. Itb duo. St 
No Pyrosis History 
or Complaint 684 68.4 192. 28.3 
Totals I ,000 IOO 405. 40.4 


drinking water in the supine position, 
stenotic and ulcerated lesions of the esopha- 
gus and the esophagozastric junction could 
be demonstrated much better than with 
other techniques because of the complete 
distention of the esophagus and esophago- 
gastric Junction both above and below the 
lesions by the refluxed, somewhat dilute 
barium (Fig. 5). The effect here was often 
that of a double contrast roentgen study 
since not only was the barium dilute, but 
there was also sufficient air mixed with it to 
make the visualized esophagus quite radio- 
lucent (Fig. 3, C and D; and Fig. 4 B). 


COMMENTS 


The data presented indicate that the test 
described for eliciting gastroesophageal re- 
flux correlates quite well with the clinical 
presence of pvrosis. Brombart? demon- 
strated a similar degree of correlation. 

If this is an acceptable relationship, this 
relatively simple test can be used in pa- 


TABLE V 


ASSOCIATION OF HIATAL HERNIA AND PEPTIC ULCER 
WITH GASTROESOPHAGEAL REFLUX INDUCED WHILE 
DRINKING WATER (1,000 CONSECUTIVE 
UPPER GASTROINTESTINAL STUDIES) 





Per Cent With Per 
O, - 4 
of Total Reflux Cent 
Hiatal Hernia go 9.O 71 78.9 
Peptic Ulcer 180 18.0 69 38.3 
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tents with pyrosis who are suspected of 
having gastroesophageal reflux. True, 13.9 
per cent of the individuals in this series had 
pyrosis without showing reflux (Table 111). 
The reason for this is not apparent. Con- 
verselv, 25.1 per cent of the patients with- 
out pyrosis (Table 1v) did show reflux. The 
explanation for this is conjectural, but 
several factors should be considered. First, 
the quantity and the quality (pH) of the 
refluxed gastric contents would seem im- 
portant. Second, the frequency and dura- 
tion of the reflux are prominent factors. 
Ardran and Kemp! point out that duration 
ot reflux is governed bv the normal expres- 
sor mechanism in the esophagus. Thev 
state that regurgitated material may be im- 
mediately expressed by esophageal con- 
tractor waves so that gastric contents do 
net remain in the esophagus long enough 
to cause esophagitis. Third, the variability 
of the patient’s registration of symptoms 
must surely be evaluated. Finally, there is 
the presence of mucus secreted in the eso- 
phagus plus the alkaline swallowed saliva, 
both variable, and both providing some 
protection against regurgitant acid pepsin.’ 

The technique of the test is simple and 
not at all disturbing to the patient. It takes 
only a minute or two at the completion of a 
routine upper gastrointestinal study. Since 
it appears, from the data presented, that 
redux is quite reliably correlated with pvro- 
sis, the test might easily be made part of a 
routine upper gastrointestinal examination 
in an effort to explain pvrosis and to detect 
latent hiatal hernias not otherwise demon- 
strable, as noted above. 


SUMMARY AND CONCLUSIONS 


Gastroesophageal reflux which occurred 
with the patient drinking water in the su- 
pine position and rolled to the right 45 de- 
grees correlated quite well with the symp- 
tom pvrosis. This simple roentgenologic 
precedure was quickly performed, without 
objection from the patient, in 1,000 con- 
secutive nonselected upper gastrointestinal 
studies from an ambulatory office practice. 
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Of the 40.5 per cent of the patients who 
exhibrted gastroesophageal reflux, 4.1 times 
as many had the symptom of pyrosis as 
those who did not have this symptom. Of 
the 31.6 per cent who had pvrosis, 2.9 times 
as many patients refluxed as those who did 
not have the symptom. 

With this special procedure, not all pa- 
tients wita hiatal hernias could be made to 
reflux. Actuallv, the frequencv of reflux in 
patients with hiatal hernias was not signifi- 
cantly greater than in those with pvrosis 
alone. When gastroesophageal reflux was 
elicited with this technique, latent hiatal 
hernias were frequently demonstrated. 

Peptic ulcer patients did not reflux with 
any greater incidence than those without 
peptic ulcer. 

There was excellent roentgenologic dem- 
onstration of stenotic and ulcerating eso- 
phageal and esophagogastric lesions when 
reflux occurred with this test because of the 
complete distention of the lumen above and 
below the lesion. 


436 North Roxbury Drive 
Beverly Hills, California 
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A ROENTGENOLOGIC STUDY IN MEDIASTINAL 
ANATOMY AFFORDED BY AIR IN 
THE MID-ESOPHAGUS 


A NORMAL FINDING BUT A POTENTIAL SOURCE 
OF DIAGNOSTIC ERROR 


By CHRISTIAN V. CIMMINO, M.D., F.F.R.* 


FREDERICKSBURG, VIRGINIA 


HE use of higher voltages and fine-line 
grids of superior quality for roentgencg- 
raphy of the chest contributes to the 
visualization of additional mediastinal 
structures, all of which need anatomic 
analysis in order to determine whether they 
are normal or abnormal (Fig. 1). 
The passage of air down the esophagus is 
a normal process, accounting for most of 
the gas present in the gastrointestinal tract. 
It is surprising, then, that radiologists have 
paid so little attention to it, except when it 
occurs in "abnormal" amounts (aero- 
phagia). We have previously dealt with air 





Entire esophagus distended with large 
amount of (regurgitant?) gas. Much of the roent- 
gen anatomy is well demonstrated: the pleural- 
esophageal stripe (upper left arrow) and its con- 
tinuity with the right wall of lower esophagus 


Fr. 1. 


; the posterior mediastinal Ime 
(upper right arrow) representing the interface of 
right and left lung posteriorly; the anterior 
mediastinal line (middle right arrow); and the left 
wall of the esophagus, an unusual finding (right 
lower arrow). (Courtesy of Dr. Arthur L. Thide, 
Charlottesville, Va.) 


(lower left arrow): 


* Visiting Lecturer, University of Virginia, 
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Fic. 2. Cross section of mediastinum at the level of 
the carina from cadaver. A represents the aortic 
arch, B the main-stem bronchi, and E the esopha- 
gus, respectively. When the aorta uncoils, it draws 
the esophagus with it, and, secondarily, the right 
lung (arrows), thus affording visualization of the 
proximal lateral wall of the left main-stem bron- 
chus by the air-distended esophagus, and of its 
medial wall by the right lung. (Modified from 
Roy-Camdle: Coupes Horizontales du Tronc, 
Masson & Cie, Paris.) 


in the esophagus at the thoracic inlet, pro- 
ducing the esophageal-pleural stripe,! and 
with air m the distal esophagus,’ a pro- 
longation of the esophageal-pleural stripe. 
Both of these localizations are frequent and 
normal findings. The present observations 
deal with zir in the mid-esophagus, a poten- 
tial source of diagnostic error. 


^» 
i J 


Figure 2 illustrates a transverse section 
of the mediastinum at the carinal level. It is 
based on cadaver material, thus not ac- 
curately representing the state in life, but 
adequate for our purposes. Generally, the 
proximal lateral wall of the right main-stem 
bronchus is not visualized because of the 
interposition of the azvgos arch between the 
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Fic. 3. (4) Note the sclerotic uncoiled aortic 
arch, drawing with it the esophagus whose 
right wall (arrows) :s delineated laterally by 
air in the "displaced" right lung and medi- 
ally by a fine coating of barium and by a 
blob of intralumina. air nestled beneath the 
arch. (B) Unusually clear Holzknecht's win- 
dow (X), but even upper reaches of esopha- 
gus are filled with air, demonstrating the 
conjoined posterior tracheal and anterior 
esophageal walls (arrows). (C) Esophagus 
distended with bariam, conforming more or 
less to the esophageal air noted on the plain 
study (B). 


S 
l 


air in the right lunz and that in the right 
bronchus; nor 1s the lateral wall of the left 
main-stem bronchus visualized because of 
the interposition o- the soft tissue struc- 
tures of the lung root between the air in the 
lett lung and that in the left bronchus. 
Neither medial wall is visualized because of 
the interposed mediastinal soft parts. Any 





bic. 4. (4) Note the sclerotic arch but not as 
uncolled as in Figure 34; hence, the right 
wall of the esophagus (opposing arrows) 1s 
not as "displaced" as far to the left as in 
Figure 3.7. Blob of gas beneath the aortic 
knuckle and gas in the esophageal lumen 
help in outlining the proximal lateral wall of 
the left main-stem bronchus approximated 
with an anteriorly directed fold of esopha- 
geal wall (upper arrow) (see Fig. 2). (B) 
lLaminagraphic study of another patient 
showing the same phenomenon. Arrows indi- 
cate blob of intraluminal esophageal gas 
“traversed” by the proximal lateral wall of 
the left main-stem bronchus approximated 
with an anteriorly directed fold of esopha- 
geal wall. (C) Laminagram of barium-dis- 


tended esophagus of same patient as in B. Note the tendency of even barium to be “held up" at this level. 


ot the bronchial walls may be directly 
visualized by the calcium within the carti- 
lage. 

[n older people, the uncoiling aortic arch 
commonly draws the esophagus with it to 
the left and posteriorly. Thus, a blob of air 
within the esophageal lumen may be seen 
on the roentgenogram of the chest just 
above or at the level of the carina and to 
the left, nestled under the aortic arch (Fig. 
3.4 and 4,7). The naturally occurring in- 
dentation bv the lett main-stem bronchus 
upon the distended esophagus, a common 
finding at barium swallow examination, 
may play a part in this localization. Excep- 
tionally, the thus displaced esophagus, 
when distended, can, by its anterior ex- 


tension, produce visualization of the /azera/ 
wall of the left main-stem bronchus (Fig. 
4.7). Very exceptionally, the displaced 
esophagus may permit visualization of the 
medial wall ot the left main-stem bronchus 
by the air contrast afforded by the simul- 
taneously displaced sight lung (Fig. 5). 
Since the right mediastinal pleura abuts the 
entire length of the right border of the 
esophagus, except where the azygos arch 
intervenes (Fig. 1), simultaneous move- 
ment of the right lung with the meandering 
esophagus can occur. 

Roentgenologic detection of gas in the 
normal esophageal lumen in the lateral 
view is difhcult (except in the cervical 
esophagus) because there is so little con- 
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Fic. 5. Single arrow shows the right pleural-esopha- 


geal interface, proved as such by a barium swallow 
examination, "displaced" to the left by the un- 
coiled aortic arch. Opposing arrows show the 
medial wall of the left main-stem bronchus, ef- 
fected by the contrast from the "displaced" right 
lung and the intrabronchial air (see Fig. 2). This 
wall is not to be confused with the anterior medias- 
tinal line; the resemblance between the two is 
only superficial.’ 


trast with the intrapulmonarv air, but such 
detection is frequently possible (Fig. 3, B 
and C). Intraluminal air contributes to the 
demonstration of an unusually clear Holz- 
knecht's window (the "clear space" be- 
tween the concavitv of the aortic arch and 
the heart, anterior and caudal, traversed bv 
the main branch of the left pulmonarv 
arterv), best seen on the left anterior 
oblique or lateral study. Air anteriorly 
within the trachea and posteriorly within 
the esophagus allows the direct visualiza- 
tion of the conjoined (by connective tissue) 
posterior tracheal wall and the anterior 


JUNE, 1965 
esophageal wall. These two walls may ap- 
pear distinct roentgenographically when 
there is a high content of calcium in the 
tracheal rings or of lipid within the connec- 
tive tissue. The lipid “line”, however, 
should not be confused with air within the 
esophageal lumen or wall, or gas dissecting 
the two structures. 

The thus visualized in the mid- 
esophagus and the marked deviation of the 
right lung to the left in the case of the 
meandering esophagus may suggest medias- 
tinal hernia, gas-containing lesion, or 
emphysema, and must be differentiated 
from these. 


gas 


SUMMARY AND CONCLUSIONS 


Attention to the basic facts of the roent- 
gen anatomy and pathophysiology allows 
the rational explanation of the visualization 
of gas nestled beneath the aortic arch and 
of certain mediastinal structures at the 
carinal level, especially in older people. The 
gas, however, must be differentiated from 
mediastinal hernias, gas-containing lesions, 
and emphysema. 

Mary Washington Hospital 
Fredericksburg, Virginia 
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BENIGN TUMOR IN GASTRIC AIR BUBBLE* 


By SEYMOUR FISKE OCHSNER, M.D., and GEORGE P. JANETOS, M.D.f 


NEW ORLEANS, LOUISIANA 


ECOGNITION of gastric cancer is an 
important function of the diagnostic 
radiologist. It is widely known that poly- 
poid cancer of the fundal area may oc- 
casionally be first identified by an abnormal 
appearance of the gastric air bubble in 
roentgenograms of the chest. The inci- 
dence of recognition in retrospective stud- 
ies of cancer of the stomach is about 5 per 
cent.^' Less appreciated is that benign 
tumors of the stomach mav give evidence of 
their presence by producing a shadow which 
bulges into the air bubble in the stomach. 
[n a review of 82 benign gastric tumors 
seen at the Ochsner Clinic, we? encountered 
a case of benign adenoma of the stomach 
which was revealed as a soft tissue mass 
protruding into the medial aspect of the 
gastric air bubble in a routine roentgeno- 
gram of the chest. This case 1s reported to 
stress again the importance of caretullv 
studying the entire roentgenogram rather 





lic. 1. Roentgenogram of the chest in which a mass 
protrudes into medial aspect of gastric air bubble. 





Fic. 2. Barium study of stomach in which a 
benign polypoid adenoma is outlined. 


than only the lungs or heart. If a lesion 1s 
suspected after roentgenography of the 
chest, gastrointestinal roentgenologic study 
must be undertaken to confirm it. 


REPORT OF A CASE 


A man, 74 years old, was examined at the 
Ochsner Clinic on April 9, 1958 because of 
gradually worsening shortness of breath and 
weakness of several weeks’ duration. In 1954 he 
had had transurethral resection for carcinoma 
of the prostate, and in 1956 he was found to be 
mildly diabetic. At the time of admission these 
conditions seemed stable, but hypochromic 
anemia was present (hemoglobin 6.5 gm. and 
hematocrit 28 per cent), and occult blood was 
found 1n repeated fecal examinations. 

On April 19, 1958, no abnormality of the 
heart or lungs was demonstrable on roentgen- 


* From the Department of Radiology, Ochsner Clinic, New Orleans, Louisiana. 
T Former Fellow in Radiology, Alton Ochsner Medical Foundation, New Orleans, Louisiana. 
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Fic. 3. Photograph of resected tumor. 


ography of the chest (Fig. 1), but a soft tissue 
mass filled the medial side of the gastric air 
bubble. A gastrointestinal roentgenographic 
study on the same day confirmed the presence 
of a mass arising from the posterior aspect of 
the upper portion of the stomach, near the car- 
dia (Fig. 2). 

At gastroscopy on April 28, 1958, a soft mass, 
thought to be a lipoma was seen in the fundus. 
At laparotomy on May 8, 1958, a soft, reddish 
brown, pedunculated polyp was excised. It 
measured 2.8 by 3 by 1.5 cm. (Fig. 3) and 
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proved to be a benign gastric adenoma on 
histologic examination. 

On discharge on the ninth postoperative day, 
the patient was asymptomatic. When last ex- 
amined 3 years later, his physical condition was 
good except for diabetes and arteriosclerosis. 


SUMMARY 


A case of benign polypoid adenoma of 
the stomach which produced a soft tissue 
filling detect in the gastric air bubble in a 
routine roentgenogram of the chest is re- 
ported. Contrast study of the stomach 
confirmed the preserce of a tumor, which 
was removed by local resection. Although 
common in gastric cancer, this tvpe of 
roentgenographic visualization seems to be 
rare in benign gastric tumors. The virtue of 
conscientious scrutiny of all features on 
roentgenograms of the chest is affirmed. 
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PARTIAL GASTRIC DIVERTICULA* 


By KAMILLO FLACHS, M.D., HENRY H. STELMAN, M.D., and 
PAUL J. H. MATSUMOTO, M.D. 


BUFFALO, NEW YORK 


HE occurrence of gastric diverticula 

has been considered to be rare. Never- 
theless, with the ever increasing number of 
roentgenologic studies of the gastrointes- 
tnal tract being performed, those found 
near the gastroesophageal junction have be- 
come well known. Diverticula located far- 
ther distally are not only very rare but are 
also less familiar. 

By 1951 Palmer™ had collected 412 cases 
of congenital diverticula from the world 
literature. In 342 instances, their localiza- 
tion was well documented. Two hundred 
and fifty-nine or 76 per cent were located in 
the “usual” position, which was defined as 
a point on the posterior wall about 2 cm. 
below the esophagogastric junction and 3 
cm. from the neighboring lesser curvature. 
The others were scattered distally to this 
point; 15 of these arose from the pylorus 
and only g from the antrum along the 
ereater curvature. A cursory review of the 
literature since then shows that many more 
have been reported, among them only 3 in 
the prepyloric area on the greater curva- 
ture, ?5,29,32 

The pathogenesis! ^ 9.192275 and classifica- 
tion 1$252529,3! of diverticula have been ade- 
quately covered by others and need no de- 
tailed elaboration. Suffice it to state that 
because of the terminologic definitions, the 
equation of true pertaining to the congeni- 
tal lesion and false pertaining to the ac- 
quired lesion has not been generally ac- 
cepted. The terms pulsion and traction 
diverticula are self-explanatory. 

An attempt to correlate specific symp- 
tematologv with the diagnosis of gastric 
diverticula has failed.** Bleeding, ?:* perto- 
ration,??» inflammation,** and malignant 
and benign tumors! *!»!?? of diverticula 
have been reported, but, in general, the 


elicited symptoms are referable to the 
gastrointestinal tract. Their discovery is 
usually incidental to upper gastrointestinal 
studies or to inspection of a surgical speci- 
men by a pathologist. 

The roentgenologic diagnosis is often 
complicated by the presence of benign or 
malignant tumors. Aberrant pancreas? 
represents one of the most common tissues 
associated with a diverticulum and is of im- 
portance because of possible malignant de- 
generation,® a feature common to all mis- 
placed structures. Into the same category 
belong submucosal fibromas** and adeno- 
mas,?' which are associated with congenital 
diverticula. Carcinomas”! and sarcomas? 
may ulcerate and simulate diverticular 
pouches; however, the same malignan- 
cies®:!3-18.% may also arise in the walls of 
diverticula. The differentiation from benign 
ulcers may be most difficult at times, especi- 
ally when diverticula are found distally to 
the fundus, in areas where the occurrence 
of other lesions 1s rather common, while the 
presence of diverticula is rare. Into this 
group fall all diverticula in the prepyloric 
area along the greater Curvature, among 
them the so-called partial diverticulum. 
This was first described by Samuel? in 
1955 and defined as “... a projection of 
the mucosa into but not through the muscu- 
lar coats of the stomach. Inspection of the 
outer serosal coat of the stomach at opera- 
tion may show no evidence of any ab- 
normality.” Two patients with such di- 
verticula have come to our attention, one 
of whom was operated upon. 


REPORT OF CASES 


Case 1. Y.L., 37 years of age, has been treated 
off and on at the Veterans Administration 
Hospital in Buffalo, New York since 1960 for 


* From the Departments of Radiology and Surgery, Veterans Administration Hospital, Buffalo, New York, and the State University 
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liG. 1. Case 1. Roentgenogram shows a crater at 
the greater curvature. 


schizophrenic reaction, paranoid in tvpe. In 


September, 1964 he was re-admitted because of 


abdominal pain and nausea without vomiting 
or hematemesis. There was no occult blood in 
the stools. À gastrointestinal study revealed a 
crater in the prepyloric area (Fig. 1) at the 
greater curvature, which was interpreted as an 
active ulcer. Since there was no improvement 





ic, 2. Case 1. Surgical specimen showing 
the diverticulum. 


liG. 3. Case r. Surgical specimen showing 
eversion of the diverticulum. 


after a period of medical treatment, the patient 
was operated upon and a subtotal gastric re- 
section was performed. The surgical specimen 
revealed a partial diverticulum (Fig. 2 and 3). 
The mucosal pouch »rotruded into the sub- 
mucosa but the muscular laver was intact and 
the serosa was smooth and glistening (Fig. 4). 

Case ii: J.H.G., 43 years of age, has had at 
least 11 admissions to the Veterans Adminis- 
tration Hospital in Buffalo, New York, and was 
a known alcoholic. He was re-admitted Octo- 
ber, 1964 because of vomiting and pain in the 
epigastrium and in the right upper quadrant. 
His serum amylase was normal but his urine 
amylase showed 600 Somogyi units. An upper 
gastrointestinal study revealed a crater in the 
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Fic. 4. Case 1. Phocomicrograph showing a 
smooth and glistening serosa. 





Hic. $. Case rr. Roentgenogram shows a crater 
similar to that in Case r. 


sime location and of the same appearance as 
the one noted in Case 1 (Fig. 5). A diagnosis 
of a partial diverticulum was, therefore, made 
and the patient was not operated upon. 
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diverticukk, but these are not all inclusive 
and apply primarily to diverticula in the 
neighborhood of the gastroesophageal junc- 
tion, on which these authors reported. UI- 
cers and tumors are rather rare in this area 
and, therefore, a proper diagnosis can be 
easily secured. Farther distally, the differ- 
entiation from an ulcer may be trying. 
Spot roentgenograms (Fig. 6, 7, B and C) 
showing pliabilitv and varving degrees of 
distention of the diverticular walls are of 
utmost amportance ulcer 
changes very little in appearance. Small 
diverticula tend to contract to such an ex- 
tent that in certain phases of an examina- 
tion they almost completely disappear (Fig. 
6, 4, B and C). Mucosal relief studies re- 
vealing lack of scarring, swelling, or infil- 
tration and a normal mucosa in the vicinity 
may establish a proper diagnosis. When- 
ever pouches do not contract adequately 
and their walls appear rigid or produce con- 
tour defeets upon the viscus from which 
thev stem, a tumor must be suspected. 
Mvyonmata,? aberrant pancreas, adenomas, 
neural tumors," and others mav 
diverticular pouches of varving sizes which 
do not «always represent 
pouches may be actually lined with normal 
mucosa. A diferentiation of benign from 
malignant lesions is, very often, not possi- 
ble, especially when the tumors are small. 


because an 


show 


ulcers. These 


Fic. 6. Case rr. (4, B and C) Spot roentgenograms showing pliability and varying degrees 
of distention of the diverticular walls. 
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An operative intervention is clearly indi- 
cated in these instances, as malignant de- 
generation is known to occur. 


SUMMARY 


Prepyloric diverticula along the greater 


curvature and their diagnostic features are 
discussed and 2 cases of so-called partial 
diverticula are reported. 


Kamillo Flachs, M.D. 

Veterans Administration Hospital 
3495 Bailey Avenue 

Buffalo 15, New York 
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THE ROENTGENOGRAPHIC SIGNS IN ATROPHIC 
GASTRITIS AND GASTRIC ATROPHY* 


By JAMES F. MARTIN, M.D., THOMAS F. O'BRIEN, Jr., M.D., IVAN L. HOLLEMAN, M.D., 
GEORGE H. WALL, M.D., and JORGE L. DUQUE, M.D. 


WINSTON SALEM, NORTH CAROLINA 


HIS study was undertaken to evaluate 

a rather unusual “speckled”? appear- 
ance of the barium in the fundus of the 
stomach in some patients as seen in routine 
roentgenographic studies. We have found 
that this appearance is frequently as- 
sociated with hypochlorhydria, atrophic 
gastritis and gastric atrophy. On the basis 
of our experience, we feel it is one of the 
most common lesions in the stomach. In 
this presentation a correlation of the roent- 
gen signs, the gastric secretory activity and 
the biopsy findings in 24 patients with 
atrophic gastritis and gastric atrophy 1s re- 
ported and a new roentgen sign is de- 
scribed. 


CLINICAL FINDINGS 


A long history of postprandial bloating, 
vague gas pains, episodic nausea and vom- 
mting—not typical of peptic ulcer diathe- 
sis—was given by the majority of the pa- 
tients. Diarrhea which has long been as- 
sociated with achlorhvdria was not com- 
monlv seen. 


GASTRIC SECRETORY FUNCTION 


Gastric secretorv function was deter- 
mined under conditions of maximum hista- 
mine stimulation.’ All patients in this series 
showed marked reduction in the peak secre- 
tory rate of hydrochloric acid below the ex- 
pected 14.5 mEq./3o minute period. This 
peak secretory rate represents the maxi- 
mum acid output in milliequivalents in 
any consecutive 30 minute period following 
the subcutaneous administration of 50 mg. 
of Histalog (Fig. 1). Although the majority 
of our patients would ordinarilv be classi- 
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l'1G. 1. Atrophic gastritis. Gastric secretory function 
expressed in terms of peak secretory rate/30 
minute period. 
hed as having free acid by conventional 
gastric analysis techniques, a significant 
reduction in gastric secretory function was 
present in all cases when subjected to 
stimulation, equivalent to the “maximal 
histamine stimulation” (Fig. 2). The peak 
secretory rate has been shown previously to 
correlate in a linear fashion with parietal 
cell mass. For this reason, we have classified 
gastric atrophy in terms of the percentage 
of reduction of the parietal cells seen in the 
mucosal biopsy. 

The roentgenographic findings were gen- 
erally ignored until 1956, when Badenoch 
et al.‘ suggested the correct diagnosis in 20 
of 25 cases of proven atrophic gastritis by 
study of the roentgenograms. Their inter- 
pretations were based primarily on the re- 
duction in the size of the rugal folds of the 
greater curvature of the stomach. 

Laws and Pitman,’ in 1960, described 4 
major roentgenographic signs which they 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 
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Fic. 2. Atrophic gastritis. Gastric secretory func- 
tion expressed in terms of minimum pH after 
Histalog stimulation. 


observed in 71 patients with the clinical 
diagnosis of pernicious anemia. A definite 
diagnosis of gastric atrophy could be made 
by a combination of roentgenologic signs in 
38 patients (54 per cent) and suggested in 
17 others. These signs were: (1) a tubular 
shape of the stomach in 70 per cent; (2) a 
smooth greater curvature in 80 per cent; 
(3) a "bald" fundus in 71 per cent; and (4) 
an appearance of "tissue paper folds" in 
the fundus in 31 per cent. A firm diagnosis 
of gastric atrophy was made if 3 features 
were seen in any one patient. Age was ap- 
parently no factor in the occurrence of these 
findings. Unfortunately, no biopsies were 
obtained in this series and varying degrees 
of atrophy were presumed to be present.* 
Joske and Vaughan, in 1962, correlated 
gastric biopsy specimens with roentgeno- 
grams in 160 patients in order to establish 
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the criteria for the roentgenographic d:ag- 
nosis of gastric atrophy (radiologic gastric 
atrophy—RGA). The biopsy specimens 
were classified into 5 zrades on the basis of 
histologic findings, representing increas- 
ingly severe mucosal changes. To the cri- 
teria of Laws and Pitman,’ and others! 
they added the additional roentgenographic 
findings of (1) the hypotonic stomach ''H- 
bomb sign” and (2) the obliteration of the 
rugal folds when the stomach is distended. 

Bock e al.,? in 1963, studied the mucosal 
folds along the greater curvature and 
noted them to be absent or considerably 
reduced in number and never more than 
o.§ cm. in height. The fundus was smooth 
or showed small indentations. 


ROENTGENOGRAPHIC SIGNS 


The relative frequency of the roentgeno- 
logic signs in our series was compared 
with that of Laws and Pitman.® The data 
were obtained from a study of 24 patients. 
Three patients with dyspepsia were found 
to have a lesser degree of atrophic gastritis 
and no significant roentgenographic find- 
ings. The data on the "speckled" fundus 
and peristaltic activity were additional 
observations (Table 1). 

The term “speckled” fundus is used by us 
to describe small disseminated collections 
of barium, which measure 1 to 3 mm. in 
diameter, in the fundus and middle-third 
of the stomach (Fig 5, 4 and B). This find- 
ing is best demonstrated when the fundus 
contains gas. It occurs with all the barium 
preparations in common use but is a little 
better demonstrated with the colloidal 


TABLE I 


Atrophic Gastritis Badenoch et 27! 
Tubular stomach (hypotonia) 
Smooth greater curvature 
“Bald” fundus 

‘Tissue paper" folds 
“Speckled” fundus 
Peristalsis 


80% 


Laws and Pitman! Present Study 


70% 71% 
80% 67% 
71% 79% 
31% 41% 

87% 


Diminished, occasianally 
normal 
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Fic. 3. (4 and B) “Speckled” fundus. 


type. This was seen to extend into the mid- 
die-third of the stomach in several cases, 
one of which revealed extensive atrophy 
and small white flecks of secretion through- 
out upon gastroscopy. It was so marked as 
te suggest the presence of food or even a 
bezoar on the initial roentgenographic 
examination. Repeated studies after gastric 
lavage and aspiration were relatively un- 
changed. We think that this appearance is 
related to the hypochlorhydria and to the 
changes in the volume and the unusual con- 
sistency of the mucus which we have ob- 
served in our cases of atrophic gastrits. 
Studies to determine the exact composition 
of this material are in progress. 

The tubular stomach is described bv 
Laws and Pitman as one with smooth 
greater and lesser curvatures which are 


Fic. 4. Tubular stomach—hypotonia, smooth 
greater curvature, 





parallel to one another. This may be 
demonstrated best in the erect position 
(Fig. 4). While it may be seen in the nor- 
mal hypotonic stomach, we think the tu- 
bular appearance represents the lack of, or 
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Fic. 5. (4 and B) "Bald" fundus. 


the reduction in the depth of, the rugal 
folds along the greater curvature as de- 
scribed by Badenoch e alt The patient 
with the cascade or horizontal type stom- 
ach will also demonstrate this tubular ap- 
pearance but to a less marked degree. 

The term “bald” fundus is used to de- 
scribe the absence of rugal folds in the gas- 
tric fundus whether it be distended with 
barium or gas (Fig. 5, 4 and B). The nor- 
mal marginal indentations are not present. 
This finding may be demonstrated in either 
the erect or recumbent positions and can, 
occasionally, be recognized at the time of 
the fluoroscopic examination. Air contrast 
studies with gas further accentuate the 
absence of mucosal folds and produce a 
truly "bald" appearance. The diminished 
distance from the gas-filled fundus to the 
superior margin of the diaphragm suggests 
that the stomach wall is reduced in thick- 
ness. 

The term “issue paper" folds, as de- 
scribed by Laws and Pitman,’ is used to 
describe thin, crenated mucosal folds re- 


sembling crumpled tissue paper (Fig. 6). 
These are best seen in the fundus and 
greater curvature when the stomach is al- 
most empty. This was observed in $2 per 
cent of our cases but was somewhat diffi- 
cult to evaluate. 

Peristalsis was demonstrated to be 
slightly or moderately diminished in fre- 
quency in most cases. Occasionally, it was 
normal but was not demonstrated to be 
hyperactive. The czpacitv of the stomach 
appeared normal. 

Two of the patients in our series demon- 
strated duodenal bulba- deformity. One 
was a 61 year old male with a 3 year his- 
tory of a refractory anemia which re- 
sponded to androgen therapy. He gave a 
history of severe peptic ulcer disease 30 
vears previously, but had no symptoms for 
several years prior to examination. His 
weight had remained stable and his appe- 
tite was good. The roentgenographic stud- 
ies revealed the findings of atrophic gastri- 
tis and duodenal bulbar deformity (Fig. 7). 
Mucosal biopsy revealed severe mucosal 
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atrophy (Grade 3) with chronic inflamma- 
mon. The peak secretory rate was .26 
mEq./30 minutes. Additional studies in- 
cluded serum iron determinations, Schilling 
tests, blood groupings and gastric cytology, 
which will be reported elsewhere. 


PATHOLOGY 


The major observations of these entities 
have been presented in the English and 
Australian journals. Joske, Finckh and 
Wood! reported the histologic findings 1n a 
study of 1,000 consecutive successful biop- 
sies obtained from 623 patients by means 
of a biopsy capsule. Their histologic classi- 
fication comprised 5 
increasingly severe mucosal changes. The 
majoritv of their patients was being investi- 
gated for disease of the gastrointestinal 
tract, while others had no apparent clinical 
abnormalitv. Varving degrees of gastric 
atrophy were found in about 40 per cent of 


grades, representing 


Fic. 6. “Tissue paper” folds. 





Atrophic Gastritis and Gastric Atrophy 347 





Fic. 7. Duodenal deformity in addition to the dem- 
onstration of roentgen signs of atrophic gastritis 
and gastne atrophy 


their biopsy specimens. This finding sug- 
gests that these entities are more common 
than is generally realized. 

The biopsy specimens in the present se- 
of the estimated number of parietal cells 
which each contained relative to the nor- 
mal? (Table 11). This classification is arbi- 
trary and the parietal cell estimates are 
necessarily inexact; however, the speci- 
mens available divisible 
fairly accurately into these grades. 


ries were classified into § grades on the basis 


seemed to be 


TABLE II 


CLASSIFICATION OF ATROPHIC GASTRITIS AND 
GASTRIC ATROPHY BASED ON PARIETAL CELL MASS 


Grade t. Normal 

Grade 2. Decreased— not to exceed 50% loss 

Grade 3. Decreased—more than 50% but less than 
9d% loss 

Grade 4. Decreased—loss of 90% or greater 

Grade 5. Total absence of parietal cells 


ATROPHIC GASTRITIS 
DISTRIBUTION OF HISTOLOGICAL GRADES 


No. of Patients 
m WwW hb OC O - o wo 





| | 
GRADE |! | GRADE 2 | GRADE 3 | GRADE 4 | GRADE 5 
Normal number| Slight but | Moderate | Severe | Total absence 
of | definite | decrease ih decrease in of parietal 
parietal cells decrease in | parietal cells | parietal cells cells 
| porietol cells ! (50 - 90%) | (> 90%) | 
| («509 | | | 
| | | 


Fıc. 8. Atrophic gastritis. Present series. Distribu- 
tion of cases according to proposed histologic 
classification. 
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It cannot be assumed that the findings on 
biopsy were necessarily representative of 
the entire gastric mucosa in these cases. 
Most cases demonstrated the loss of pari- 
etal cells to be rather general, but a varied 
distribution was seen in several specimens. 

All atrophic specimens in this series were 
chronically inflamed. All but one of the 
specimens in Grade 1 were also mildly in- 
Hamed. Mucosal thickness, as measured by 
microscopic ocular micrometer, varied from 
1.0 mm. to 0.56 mm. There was general, 
but not uniform, correlation between 
mucosal thickness and the degree of pari- 
etal cell loss. Partial intestinalization was a 
finding in 4 of the severely and completely 
atrophic specimens. Figure 8 shows the 
distribution in our series. 

Photomicrographs of each 


grade are 





Fic. 9. (4, B and C) Grade r. Normal. 4 and B is a magnification of 45 times with a hematoxylin-eosin 


and PAS stains. C is a magnification of 276 times with PAS stain. 
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presented; some at a magnification of 45 
times and others of a more selected area at 
276 times magnification. 

Grade 1 is an example of the normal gas- 
tric mucosa. The partial absence of the sur- 
tace epithelium is artifactual. The mucosa 
in the section is 1 mm. thick and has a nor- 
mal number of parietal cells. The higher 
magnification shows the necks ot the gas- 
tric glands in which there are numerous 
pale-stained parietal cells intermingled with 
dark red mucous neck cells (Fig. 9, 4, B, 
and C). 

Grade 2 shows a definite but slight de- 
crease in parietal cells. The mucosa is 0.75 
mm. thick. There is a moderately severe 
chronic inflammatory process. The super- 
ficial defect in the section is artifactual. 
The higher magnification illustrates a 
superficial area in the mucosa. Parietal cells 
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Fic. 10. (4, B and C) Grade 2. Low and high mag- 


nifications, hematoxylin-eosin and PAS stains. 


are intermingled with mucous neck cells in 
the area indicated by the arrow. The promi- 
nent chronic inflammatory lymphocytic 
and plasmocytic exudate is seen in the 
lamina propria (Fig. 10, 7, 5 and C). 

Grade 3 is a typical moderately atrophic 
specimen. The parietal cells are consider- 
ably reduced in number, but are fairly 
numerous in the mid-mucosa. There is also 
moderate chronic gastritis with mucosal 
edema. The mucosa is 0.56 mm. thick. The 
higher magnification includes the super- 
ficial and middle zones of the thin mucosa. 
The surface epithelium is normal. A small 
group of residual parietal cells is indicated 
bv the arrow (Fig. 11, 7, Band C). 

Grade 4 shows a case in which there 1s 
almost complete absence of the parietal 
cells. There is moderate chronic gastritis 
and the mucosa is 0.66 mm. thick. The 
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higher magnification reveals onlv six pale- 
staining parietal cells. The glands are re- 
duced in number and consist almost en- 
tirely of nonspecific mucous cells stained 
dark red. The chronic inflammatory exu- 
date 1s evident in the lamina propria (Fig. 
I2. ay B and CX. 

Grade 5 shows total absence of parietal 
cells associated with moderate gastritis 
and intestinalization. The mucosa is 0.56 
mm. thick. The greater magnification 
shows numerous goblet cells replacing 
many of the normal epithelial cells. No 
parietal cells are present. The chronic in- 
Hammatory exudate is seen in the lamina 
propria (Fig. 13, 7, B and C). 

DISCUSSION 

The roentgenographic findings of gastric 
atrophy and atrophic gastritis in 24 pa- 
tients are reviewed. The “speckled” fundus 
which we have described was the most 
common roentgenographic finding in our 
experience. Although we are not certain as 
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to the cause of this c ppearance, we suggest 
that it may be the result of changes in 
quantity or compcsition of the mucus 
component of gast-ic secretion. Further 
studies of the chemical characteristics of 
gastric mucus 1n the patients and its inter- 
action with barium suspensions are needed 
to provide an understanding of this appear- 
ance. 

The importance of the diagnosis of 
atrophic gastritis and gastric atrophy can- 
not be overemphasized. These patients 
have a chronic histo-y of gastric symptoms 
and are constantly seeking an answer and 
relief of their symptoms. A great deal can 
be accomplished if < firm diagnosis can be 
made by gastric bicpsy and the patient is 
reassured that neither gastric ulcer nor 
carcinoma 1s present. 

Therapy to date, with hydrochloric acid 
with or without pepsin, has not been ade- 
quate. Vitamin Bi and iron have been 
used without relief. The greatest benefit 
apparently lies in the fact that a definite 





lic. 11. (4, B and C) Grade 3. Low and high magnifications, hematoxylir-eosin and PAS stains. 


Fro. 12. (4, B and C) Grade 4. Low and high mag- 
p nifications, hematoxylin-eosin and PAS stains. 





Fic. 13. (4, B and C) Grade 5. Low and high magnifications, hematoxylin-eosin and PAS stains. 
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diagnosis has been made and the patient 
knows that there 1s a basis for the symp- 
toms experienced. 


SUMMARY 


i. The roentgenographic findings in 24 
patients with gastric mucosal atrophy are 
presented with emphasis on a new roentgen 
sign, the “speckled fundus." 

2. The gastric secretory function in these 
patients 1s briefly discussed. 

3. A classification of gastric atrophy is 
given which 1s based upon the percentage of 
parietal cells present in the mucosa as seen 
in fundal biopsy specimens. 

4. Fundal biopsy was performed after it 
was determined that at least 2 of the roent- 
genographic criteria were present. The cor- 
relation appeared to be quite high. 


James F. Martin, M.D. 
Department of Radiology 

North Carolina Baptist Hospital 
Winston-Salem, North Carolina 
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SITUS INVERSUS OF ALL ORGANS 
EXCEPT STOMACH* 


By ARTHUR LIEBER, M.D., and HAROLD D. ROSENBAUM, M.D. 


LEXINGTON, KENTUCKY 


SOLATED inversion of the stomach is a 

rare anomaly. The following case 
documents a mirror image of this anomaly; 
namely, inversion of all organs except the 
stomach. A review of the literature revealed 
enly one other case identical to our pa- 
hient.’ 


REPORT OF A CASE 


A 4c year old white farmer was admitted to 
the University of Kentucky Medical Center 
with the chief complaint of low back pain for 
the past 8 to 10 months with radiation down 
the left leg. He had known since childhood that 
his heart was "on the wrong side." Past medical 
history revealed evidence of hypertension and 
peptic ulcer. He claimed that his appendix was 
removed when he was a child. Physical exami- 
nation showed a blood pressure of 150/90 and 
a regular pulse of 8o. The apex beat of the heart 
was to the right of the midline. No murmurs, 
thrills, or arrhythmias were noted. The ab- 
domen showed a right lower quadrant scar. 
There was tenderness in the epigastric area. 
There was marked motor weakness of the left 
lewer leg and decrease of the ankle jerk. 

A chest roentgenogram showed the cardiac 
apex pointing to the right (Fig. 1). There were 
scattered hilar calcifications. The left hemi- 
diaphragm was higher than the right. An upper 
gastrointestinal series revealed a normal stem- 
ach which was posterior to the liver. The liver 
lebes were inverted. No definite spleen density 
was seen on the roentgenogram, but a peri- 
pheral blood smear demonstrated no changes 
which would suggest splenic agenesis. The duo- 
denal cap was deformed but no crater could be 
seen (Fig. 2). A small bowel study showed that 
the small bowel was within the right half of rhe 
abdomen and the cecum in the left lower quad- 
rint. The splenic flexure of the colon was in the 
right upper quadrant (Fig. 3). A lumbar 
myelogram showed a complete block at the 
level of L3. All laboratorv studies were normal. 


The electrocardiogram was consistent with 





lic. 1. Chest roentgenogram showing 
dextrocardia. 


dextrocardia. Herniated disks at L4 and L5 
were removed, and the patient was discharged 7 
days later. 

Accordimg to the patient, a brother, who died 
at the age of 3 months, had inversion of one 
or more orzans. His wife and two of his younger 
children were examined at this hospital and no 
organ inversion was found. Two older children 
had had roentgenographic examinations and no 
anomalies were found. 


DISCUSSION 

Several cases of isolated inversion of the 
stomach have been reported." In this 
rare heterotaxv, the right-sided stomach is 
usuallv posterior to the liver except where 
an eventration of the right hemidiaphragm 
is present, in which instance the stomach is 
above the liver and mav simulate a hvdro- 
pneumothorax.® Situs inversus of all organs 
except the stomach, which thus represents 
a mirror image of isolated inversion of the 


* From the Department of Radiology, University of Kentucky Medical Center, Lexington, Kentucky. 
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l'1G. 2. Upper gastrointestinal roentgenogram show- 
ing stomach in normal position but inversion of 
small intestine, liver lobes and splenic Hexure bub- 
ble. 


stomach, appears to have been reported 
only once before.’ 

The true incidence of situs inversus in the 
population is difficult to determine because 
it is uncommon and its frequency has been 
studied only in selected groups such as hos- 
pital populations and military service in- 
ductees. The reported incidence has varied 
between 1 in 35,000 (0.003 per cent) ob- 
tained by LeWald? in studying routine 
army physicals and 1 in 5,000 (0.02 per 
cent) in this same author's series as deter- 
mined at autopsy. The heterotaxv ex- 
hibited by the above case must be exceed- 
ingly rare since it is an almost unique varia- 
tion of an uncommon condition. 

Since the expression of situs inversus can 
Le total or partial, affecting various organ 
systems, several different degrees of asym- 
metric organ inversion have 


been de- 


scribed. These vary from the reversal of 


single organs such as in dextrocardia (situs 
inversus cordis) or isolated gastric inversion 
to reversal of all body structures such as in 
situs inversus totalis. Levocardia with situs 
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inversus, in which the heart isin the normal 
position with the apex pointing to the left 
while the abdominal organs are reversed, 
appears in cases reported to date alwavs to 
have been associated with complex mal- 
formations of the heart of which atrial in- 
version is common. This is not true for the 
converse of this heterotaxv; namely, dex- 
trocardia without inversion of the abdomi- 
nal organs, although many patients with 
this disposition of internal organs do have 
heart disease. This difference in frequency 
of cardiopathy between the above hetero- 
taxies may, however, be more apparent 
than real since asymptomatic patients with 
dextrocardia are more likely to undergo 
barium studies than those with levocardia. 

The embrvologic and genetic aspects of 
situs inversus are not well understood. It 
appears that some forms of situs inversus 
may be inherited as a recessive trait,’ while 
others may occur as a developmental 
anomaly zz utero and be associated with 
other congenital defects. 


SUMMARY 


A case of situs inversus of all organs ex- 
cept the stomach has been reported. This 





lic. 3. Ninety minute roentgenogram of small intes- 
tine follow-through showing cecum in left lower 


quadrant and splenic flexure in right 


quadrant. 


upper 
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appears to be the second reported case in 
the literature and is a mirror image of 
previously reported cases of inversion of the 
stomach onlv. No other congenital anoma- 
lies were found 1n our patient. 


Arthur Lieber, M.D. 

Department of Radiology 

University of Kentucky Medical Center 
Lexington, Kentucky 
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ROENTGEN DIAGNOSIS OF DUODENAL INJURIES 


By MALCOLM C. HILL, M.B.* 


SAN FRANCISCO, CALIFORNIA 


NJURIES to the duodenum are of two 

main groups: penetrating injuries and 
blunt trauma. The former, resulting from 
stabbing or missiles, are usually explored 
surgically and are not often seen by the 
radiologist. When a penetrating injury in- 
volves the duodenum, anterior and poste- 
rior walls are usually perforated, causing 
both intraperitoneal and retroperitoneal 
extravasation. This type of injury will not 
be discussed further. 

The second type of injury, that of blunt 
trauma to the abdomen, may pose a greater 
diagnostic problem. In some cases the clini- 
cal findings may warrant immediate ex- 
ploratory laparotomy. In others, it may be 
dithcult to decide whether symptoms and 
signs are caused by bruising of the anterior 
abdominal wall or by more serious injury. 
In such situations, the radiologist may be 
of considerable help. 

Duodenal injury from blunt abdominal 
trauma Is usually manifested by intramural 
hematoma or retroperitoneal perforation, 
or by a combination of the two. An intra- 
peritoneal rupture, although common in 
missile injuries, rarely occurs in blunt 
trauma. An unexpected blow to the abdo- 
men when the abdominal muscles are re- 
laxed is especially likely to produce injury. 

The cases reported here illustrate the 
roentgen signs that are evident in duodenal 
injury resulting from blunt trauma. 


ANATOMIC FACTORS 


Figure 1 illustrates the reason tor duo- 
denal vulnerability to blunt upper abdomi- 
nal trauma. Most of the duodenum lies 
retroperitoneally, is fixed in position, and 
unable to avoid an injuring force. The 
pvlorus closes the upper end of the duo- 
denum and the third portion can be com- 


pressed over the spine or under the superior 
mesenteric vessels. Pressure may cause 
acute angulation and obstruction of the 
fourth portion. In any of these situations, 
the duodenum is converted into a closed 
loop, which, if filled with fluid, further pres- 
sure will rupture. If the rupture involves all 
lavers of the duodenum, the contents are 
extravasated, but if only the muscle layer 
is burst, an intramural hematoma results. 
REVIEW OF THE LITERATURE 

In 1954, Felson and Levin? described the 
first preoperative roentgen diagnosis of 
duodenal hematoma. Before that time the 
diagnosis was established only by surgical 
exploration or necropsy. Moore and Er- 
landson!! in 1963 found reports of only 31 
duodenal hematomas and described 2 addi- 
tional such hematomas. If the 2 cases de- 
scribed by Wiot, Weinstein, and Felson!’ 
are also included, a total of 35 cases 1s ob- 
tained (Table 1). 


REPORT OF CASES 


Case 1. A 9 year old boy was admitted on 


June 20, 1953 with abdominal pain and vomit- 


ing of 2 days’ duration. On June 17 the boy had 
fallen against a scooter and bruised his abdomen 
and lower ribs. He mentioned the injury to his 
mother at the time but did not appear to be in 
distress. Medical advice was sought the next 
day when the child began to vomit and com- 
plained of abdominal pain. Examination at the 
hospital revealed nothing impressive and he was 
sent home. Vomiting continued on June 1g and 
abdominal pain progressed throughout the day. 
Re-examination at the hospital disclosed an 
upper abdominal swelling and guarding of the 
right upper quadrant. He was admitted with a 
clinical diagnosis of possible hemorrhage of the 
rectus sheath or possible intra-abdominal 
hemorrhage. He was observed in the hospital 
during which time plain roentgenograms of the 


* Assistant Clinical Professor of Radiology, University of California School of Medicine, San Francisco, California, and Assistant 
Chief of Radiology, San Francisco General Hospital, San Francisco, California, 


Vou. 94, No. 2 


abdomen and a gastrointestinal series were ob- 
tained (Fig. 2 and 3, 4, B and C). At laparot- 
omy,* 7 days after the initial injury, a large 
intramural hematoma of the second portion of 
the duodenum was evacuated by incising the 
muscle. The retroperitoneum around the duo- 
denum was drained via a Penrose drain. No 
rupture of the duodenum was reported at sur- 
gery, but this was undoubtedly present on the 
roentgenograms. A cardiac arrest complicated 
the procedure and emergency thoracotomy was 
required. The patient made a good recovery. A 
gastrointestinal series 15 days after the opera- 
tion showed marked improvement with only a 
small intramural mass remaining. 


Case 11. A 28 year old man was involved in 
an automobile accident in which the upper ab- 
domen was struck by the steering column. Al- 
most immediately severe, generalized abdom:- 
nal pain was experienced. On examination 1 
hour after the accident, diffuse abdominal 
tenderness was present. No masses were palp- 
able and peristalsis was absent. The abdomen 
became board-like within 2 hours. Roentgenc- 
grams of the abdomen obtained in the interval 
gave evidence of retroperitoneal gas (Fig. 4). 
On laparotomy after these roentgen examina- 


* The surgical aspects of this case have been reported prev - 
ously,” but the roentgen findings were not illustrated. 
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lic. 1. Diagram of a normal duodenum. 
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liG. 2. Case r.'Obliteration of the right psoas shadow. 
distention cf the gas-filled stomach, and distortion 
of the gas-alled duodenum with absence of gas 
below the duodenum. 


tions, a 2.5 am. retroperitoneal perforation was 
found in the third portion of the duodenum. The 
perforation was repaired and a drain left in 
place. Recovery was satisfactory and the pa- 
tient was discharged on the thirteenth post- 
operative day. 


Case m. A 4 year old girl was admitted to 
the hospital with vomiting of 4 days’ duration. 
The parents evaded further details of the his- 
tory. Severa. physicians independently gained 
the impression that the child had been ill- 
treated. Both elbows were swollen and roent- 
genograms revealed healing fractures of both 
lower humer. A routine chest roentgenogram 


Tapie I 


DUODENAL HEMATOMAS REPORTED IN THE LITERATURE 


Traumaric Other Cause Uncertain Total 
5% vhi 6 35 


* Nineteen cf tbese 22 were males; 15 of the 22 were less than 
18 years of age. 

+ Six of these 7 were due to either pancreatic disease or blood 
abnormality. 
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showed a healing fracture of the left tweltth 
rib. The initial examination of the abdomen 
disclosed a “doughy feeling" but no palpable 
mass. Peristalsis was diminished but otherwise 
nothing remarkable was noted. On the fourth 
hospital day, a 4 cm. by 2 cm. midline upper 
abdominal mass was felt. A gastrointestinal ser- 
ies disclosed an intramural mass in the second 
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lic. 3. Case 1. (4 and B) Gastrointestinal 
roentgenograms (4 hour studies). An eccen- 
tric intramural mass involves the first and 
second portions of the duodenum with 
crowding of the valvulae. (C) Gastrointes- 
tinal roentgenogram (6 hour study). 
Delayed passage of contrast medium with 
little beyond the duodenum. Vomiting has 
emptied the stomach. Some contrast med- 
ium has extravasated into the retroperi- 
toneal tissues. 


and third portions of the duodenum (Fig. 5, 4 
and A). 

All abdominal symptoms and signs event- 
ually subsided on conservative therapy. The 
child was removed from the parents' custody by 
court order. The diagnosis of duodenal hema- 
toma in this case was based on (a) unequivocal 
evidence of extensive trauma including ab- 
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bic. 4. Case irr. Upright abdominal roentgenogram. 
Retroperitoneal gas outlines the right kidney. No 
evidence is seen of intraperitoneal gas under the 
diaphragm. Distended small bowel loops are pres- 
ent in the upper abdomen. The right psoas shadow 
is obliterated. 


dommal trauma (left twelfth rib fracture), (b) 
a palpable mass in the region of the duodenum, 
(c) the roentgen findings in the duodenum, and 
(4) resolution of symptoms and signs on con- 
servative therapy. 
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DISCUSSION 


When blunt trauma to the abdomen re- 
sults in clinical findings difficult to inter- 
pret, plain roentgenograms and studies 
with contrast medium are important aids 
to diagnosis. The above described cases 
and those in the literature" indicate 
that, in determining whether blunt trauma 
has injured the duodenum, the following 
points should be emphasized. 

History. The interval between the time of 
trauma and the onset of symptoms in duo- 
denal hematoma is frequently from 13 to 6 
days. In duodenal rupture, the onset of 
symptoms 1s more rapid and, especially 
when a large tear 1s in the duodenum, im- 
mediate symptoms can be expected. 

Symptoms. Upper abdominal pain and 
vomiting are the most common. 

Clinical Signs. Upper abdominal tender- 
ness, guarding, and rigidity are frequently 
present. Evidence of external bruising may 
be present. In duodenal hematoma, a mass 
may be palpable. The hematocrit value 
mav have dropped. 

Roentgen Signs of Duodenal Injury. In 
duodenal hematoma, the stomach is often 
dilated by gas. On plain roentgenograms 





lrs. §. Case 11. (7 and B) Gastrointestinal roentgenograms (patient prone and patient upright). An eccen- 
tric intramural mass involves the second and third portions of the duodenum, Delaved passage of contrast 
medium, which, at 6 hours, had all passed. 
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the hematoma may appear as a mass, im- 
pinging on the gastric air-shadow or dis- 
torting the gas-filled duodenum. One or 
both psoas shadows may be obliterated by 
retroperitoneal hemorrhage. In some cases, 
dilated small bowel loops may overlie the 
duodenum, a manifestation of localized 
ileus. In addition, in duodenal rupture from 
blunt trauma, retroperitoneal (rarely intra- 
peritoneal) gas may be seen. 

Contrast medium by mouth or by a 
nasogastric tube will show an intramural 
mass 1n the duodenum when a hematoma 
is present. This mass may or may not ob- 
struct the lumen. The hematoma’ fre- 
quently involves a long segment of bowel, 
a distinguishing feature from other intra- 
mural tumors. Some cases of intramural 
hematoma may show a coiled-spring ap- 
pearance from crowding of the valvulae 
conniventes. Felson and Levin? expressed 
the belief that this coiled-spring appearance 
was characteristic of a hematoma but the 
exact cause of this appearance is not known. 
Presumably, it is related to clot formation 
in the hematoma as it has not been associ- 
ated with overdosage of anticoagulants. At 
first sight, the coiled-spring appearance 
somewhat resembles that of an intussuscep- 
tion, which, however, in a retroperitoneal 
portion of the gastrointestinal tract would 
be unlikely. The frequently eccentric posi- 
tion of the hematoma and the lack of short- 
ening are also distinguishing features. 

In duodenal rupture, extravasation of 
contrast medium (preferably water-solu- 
ble) will establish the diagnosis and localize 
the site. 


SUMMARY 


The clinical and roentgenologic features 
of duodenal hematoma and rupture result- 
ing from blunt trauma are described. The 
mechanisms of injury, clinical history, signs 
and symptoms, and differential diagnosis 
are discussed. In the absence of complica- 
tions or obstruction, some patients with 
duodenal hematoma, diagnosed roentgeno- 
logically; may respond well to conservative 
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therapy. Follow-up gastrointestinal series 
in these cases will show that the hematoma 
has resolved and these patients are spared 
an unnecessary laparotomy. In others, ac- 
curate preoperative diagnosis will shorten 
the time of anesthesia and surgical proce- 
dure. 


Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 


The author wishes to thank Dr. William G. 
Obata, radiologist at Franklin Hospital, San 
Francisco, for permission to use Case rr. 
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VILLOUS ADENOMA OF THE DUODENUM 
By LEE A. MALMED, M.D.,* and BERTRAM LEVIN, M.D.t 


CHICAGO, ILLINOIS 


IMS reports of villous adenoma of the 
colon and rectum have appeared in 
recent years. The occurrence of this tumor 
in the remainder of the gastrointestinal 
tract, however, has been but rarely re- 
ported. In 1962 Moersch ef a/.!° reported a 
case of villous adenoma of the duodenum 
and presented gross anatomic and histo- 
logic photographs of that lesion showing 
the typical findings seen in villous adenoma 
of the colon or rectum. A recent review of 
the literature? 5*/! reveals a few cases 
with lesions having certain resemblances to 
the lesions reported by Moersch and his co- 
workers. In the reports, however, micro- 
scopic documentation of the nature of these 
lesions is lacking. 

We have studied a patient with histo- 
logically proved villous adenoma of the 
duodenum which was manifest during preg- 
nancy by anemia secondary to persistent 
gastrointestinal bleeding. In view of the 
rarity of this tumor in the duodenum, this 
case is reported. 


REPORT OF A CASE 


A 25 year old white female was referred to 
Michael Reese Hospital and Medical Center in 
the fifth month of her second pregnancy be- 
cause of profound anemia which could not be 
accounted for on the basis of expected physio- 
logic changes related to pregnancy. A hemo- 
globin determination during early pregnancy 
had been reported as X1 gm. per 100 cc. A 
hemoglobin determination at the time of ad- 
mission to the hospital was 5.1 gm. per 1oo cc. 
Oral irori therapy had been given to the patient 
during the pregnancy. 

The patient admitted having vague retro- 
sternal burning after meals and complained of 
tiredness and weakness. No history of nausea, 
vomiting or abnormal bowel habits was ob- 
tained. 

Laboratory investigation, which included 


bone marrow studv, bleeding, clotting and 
prothrombin times, platelet count, and a 
Coombs’ test, failec to indicate any primary 
hematologic disorder. The stools were never 
free of occult blood (3 to 4 plus benzidine tests). 
An upper gastrointestinal roentgenologic study 
was finally performed, using special care to 
minimize radiation to the fetus. This study re- 
vealed a polypoid filing defect in the third por- 
tion of the duodenum with trapping of barium 
within a network of crevices on the surface of 
the lesion (Fig. 1, 4 and B). 

The patient was given blood transfusions and 
discharged. She subsequently delivered a viable 
4% pound premature infant. Three weeks later 
she was re-admitted for surgery. Barium enema 
examination during this admission showed no 
abnormality. 

At surgery a 4X3.5X1.5 cm. sessile polyp 
was found in the third portion of the duo- 
denum. Red-pink, papilliferous projections 
covered the surface of the lesion. There was no 
evidence of ulceration. The surounding duo- 
denal mucosa appeared normal. Frozen section 
and subsequent permanent sections proved the 
tumor to be a villous adenoma (Fig. 2 and 3) 
with a morphology identical to large bowel 
villous adenomas except for the presence of 
Paneth cells which are normally present in 
the small intestinal wall. There was no evidence 
of malignancy. A simple excision of the lesion 
was performed. 

Since the operation the patient has felt well. 
Hemoglobin studies on different occasions 
have been between 14.5 and 15 gm. per cent. 
She became pregnent the following year and 
had an uneventful gestation with delivery of a 
normal child. 


DISCUSSION 


Experience with villous adenomas of the 
small bowel is very limited; however, much 
has been written about villous adenomas 
involving the large bowel. A short, com- 
parative examination of the behavior of 
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FIG. 1. (4) Prone posteroanterior roentgenogram showing a polypoid lesion expanding the lumen of the third 
portion of the duodenum. Barium, trapped on the surface of the lesion, forms linear strands in various 
directions. (B) Compression spot roentgenogram of the lesion, left posterior oblique projection. 


these lesions in these two separate locations 
Is of interest. 
The incidence of malignancy in. large 





bowel villous adenomas is high, being most 
commonly reported as ranging from 31.4 
per cest te 74 per cent.” The only 





lic. 3. At higher magnification (X60) the luminal 
portion of the papilliferous projections is seen in 
better detæl. 


lic. 2. Low power photomicrograph (15) shows 
long, tain, villous projections arising from a sessile 
stalk of fibromuscular tissue. 
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previously well documented case of duo- 
denal villous adenoma proved to be malig- 
nant. In our case the tumor was benign. 
Bleeding is the most common finding 
with villous adenomas of the large bowel 
according to various authors* 7^ with a 
reported incidence as high as 78.5 per cent? 
This appears related to the soft consistency 
of these tumors and their tendencv to frag- 
ment and undergo ulceration. Bleeding was 


not reported as being present in the case of 


Moersch ef a/f. but was the major problem 
in the case herein reported. 

Nlucorrhea with large loss of electrolytes 
has been reported with large bowel villous 
adenomas,’ a feature responsible for 
some added interest 1n this pathologic en- 
titv. This finding was not evident in our 

case nor in that of Moersch e£ al. One may 
postulate that either these tumors fail to 
secrete electrolytes or that electrolytes 
secreted into the proximal bowel become 
reabsorbed before being lost to the body. 

Our case of villous adenoma was first ob- 
served in a woman in her fifth month of 
pregnancy. No association of villous adeno- 
mas and pregnancv has been reported. No 
causal relationship is suggested. 

In view of the possibility of malignancy, 
à preoperative diagnosis of this lesion 
would be useful. Fortunately, the anatomic 
configuration of the lesion allows trapping 
of barium in the crevices around the papil- 
literous projections on the surface of the 
lesion. This cauliflower-like appearance en- 
countered in a tumor of the intestinal tract 
should suggest the possibility of villous 
adenoma even if the lesion is located in an 
area other than the large bowel. 





SUMMARY 


A case of villous adenoma of the duo- 
denum is reported. This is the second fully 
documented case of this entity. Of interest 
IS its occurrence in a pregnant female. 
Morphologically, this tumor is almost iden- 
tical to villous adenoma of the large bowel. 
Experience thus far suggests that its be- 
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havior may be similar to the latter’s in its 
propensity to bleed and incidence of malig- 
nancy. A preoperative diagnosis should be 
possible by its characteristic appearance on 
upper gastrointestinal roentgenologic exam- 
ination, 


Bertram Levin, M.D. 

Michael Reese Hospital and Medical Center 
29th Street and Ellis Avenue 

Chicago 16, Illinois 
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SYNDROME OF JEJUNAL DIVERTICULOSIS AND 
MEGALOBLASTIC ANEMIA* 


By GERALD A. L. IRWIN, M.D. 


EAST MEADOW, LONG ISLAND, NEW YORK 


m anti? of jejunal diverticulosis 
and megaloblastic anemia is a rare oc- 
currence. The incidence of diverticula ot 
the jejunum has been given as .006 per cent 
to 1.4 per cent in various autopsy and sur- 
vev series; it is considerably lower in mega- 
loblastic anemia. Until 1963, onlv 34 docu- 
mented cases had been reported in the 
American and British literature.” Attention 
has not been directed to this syndrome in 
the radiologic literature. 

This report is prompted by a case of 
megaloblastic anemia associated with mul- 
tiple jejunal diverticula which was ob- 
served in our hospital recently and which 
will be described in detail in another publi- 
cation. We hope to stimulate interest in 
this bizarre hematologic and gastrointes- 
tinal syndrome, for it is the fluoroscopist 
who, by detecting large jejunal diverticula 
in a patient known to have anemia, may be 
able to suggest the diagnosis. 


ROENTGEN FINDINGS 


The roentgen findings in most of the pub- 
lished cases, including our own, are remark- 
ably similar. The abdominal scout roent- 
genogram shows scattered pockets of air 
(Fig. 1). Air fluid levels seen on the upright 
roentgenogram represent pockets of air en- 
trapped in the large diverticula. This is due 
to the mouth of the the diverticula being 
small or twisted, locking the gastrointes- 
tinal contents and air within the sac. Sev- 
eral instances are recorded where these air 
fluid levels erroneously suggested mechani- 
cal obstruction of the small bowel on the 
upright roentgenogram. This mechanism 
must be considered in the differential diag- 
nosis of small bowel obstruction.** Gastro- 
intestinal and small bowel roentgen exami- 


nation may reveal many large diverticula 
of the small bowel, often limited to the 
jejunum. These may range from small to 
giant pouches up to 6 or 7 cm. in diameter. 
[n our case, a small hiatus hernia and di- 
verticulosis of the sigmoid colon were inter- 
esting associated features (Fig. 2). Difh- 
cultv in filling the diverticulum mav be en- 
countered because of the atorementioned 
twisting and stomal narrowing. Considera- 
ble technical effort and positioning of the 
patient may be required to etfect flow of 
the barium into the diverticula. 
Stagnation of the contents in the diverti- 





Fic. 1. Abdominal scout roentgenogram. Note multi- 
ple air pockets scattered throughout the abdomen 
representing air in the jejunal diverticula. 


* From the Department of Radiology, Meadowbrook Hospital, The Nassau County Public General Hospital, East Meadow, Long 


Island, New York. 
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cula has been frequently mentioned as a 
possible mechanism for the etiologv of the 
anemia. Ín our case, on roentgenograms 
taken 4 hours after the administration of 
barium, the head of the barium column had 
not reached the colon (Fig. TN This is con- 
sidered to represent delaved motor func- 
tion of the small bowel. Barium may re- 
main in these diverticula and be detected 
on a 24 hour studv. 
DISCUSSION 

The association of megaloblastic anemias 
with steatorrhea, diet, sprue, parasitic in- 
testation, blind loops and intestinal anas- 


tomoses is well known. Various factors 


and mechanisms are responsible for the 
anemia in these conditions, but detective 
absorption of vitamin By» is a 
finding. In jejunal diverticulosis accom- 
panied by megaloblastic anemia, bacterial 
overgrowth in the stagnant pouches is be- 


common 





A » a ie f 
ae m a - 
lic. 2. Barium outlines the stomach and upper small 
bowel. The large diverticula are easily identified. 
Also note the small hiatus hernia. 
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liG. 3. Roentgenogram made 4 hours after Figure 2. 
There is slow transit through the small intestine. 
several of the diverticula still retain the barium. 


lieved responsible for destruction or over- 
utilization of vitamin By. Proof of this 
theory is attorded by improvement of the 
anemia upon administration of antibiotics 
alone. It is postulated that such therapy 
will sterilize the infected pouches. Since 
neomycin may be responsible tor, or aggra- 
vate, the malabsorption syndrome, its use 
is contraindicated in these cases.” Others 
have been cured by segmental resection of 
the jejunum containing the diverticula 
tollowed by end-to-end anastomosis.^" A 
similar situation is known to exist in infes- 
tation with the fish tapeworm, Diphyllo- 
bothrium latum. The latter utilizes the 
available vitamin By. Treatment accord- 
ingly 1s directed to the removal of the para- 
site. 

Many of the reported cases have shown 
tree stomach acid, thus ruling out perni- 
cious anemia. In others, however, the pres- 
ence of achlorhydria has led to a problem 
in differential diagnosis. The exact rela- 
tionship of achlorhydria, pernicious anemia 
and detective vitamin Bi» absorption due to 
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TABLE | 


VITAMIN Biz ABSORPTION IN THE DIFFERENTIAL DIAGNOSIS OF MEGALOBLASTIC ANEMIAS 


Test 


Radioactive By, alone 
Radioactive Bi, plus intrinsic factor 


Radioactive By plus antibiotic 


the small bowel diverticula is unknown. 
Differential diagnosis, however, can be 
made (1) by using the Schilling test with 
radioactive By alone, (2) radioactive Bis 
plus intrinsic factor, and (3) radioactive 
Bi; plus an antibiotic (Table 1). In per- 
nicious anemia there will be an improve- 
ment when intrinsic factor is added and 
little improvement with the other two 
tests. In the jejunal diverticula or blind 
loop syndrome, improvement will only be 
noted when the radioactive vitamin By 
plus the antibiotic test is used. In other 
cases of steatorrhea and megaloblastic 
anemia, such as sprue, there is a poor re- 
sponse to all three tests. It should be noted 
that in all published cases to date a megalo- 
blastic bone marrow has been found. 
Malabsorption syndrome, usually mild 
or moderate, has also been noted in most of 
the patients with jejunal diverticula. Sev- 
eral explanations for this have been ad- 
vanced, and of these loss of absorption sur- 
face by the thin-walled diverticula, altered 
motility, and mechanical interference with 
lymphatic flow seem most plausible. Others 
have suggested that stasis and bacterial 1n- 
terference with fat absorption may produce 
a steatorrhea-like picture.^5 The role of 
folic acid in this entity is of some doubt. 
The jejunum is reported to be the major 
site of folic acid absorption, yet in the re- 
ported cases only one showed improve- 
ment when treated with folic acid alone.’ 
The intricate relationship between vitamin 
Bı: and folic acid metabolism may furnish a 
clue to the failure of folic acid to produce a 


Pernicious 
Anemia 


Jejunal 
Diverticulosis 


Sprue 





cure in the absence of By. Such therapy is 
also ineffective in treating subacute com- 
bined degeneration and pérnicious anemia. 

The rarity of this disease may only re- 
flect a lack of appreciation of the causal 
relationship between hematologic and 
roentgenographic findings in this entity. 
Such knowledge, therefore, concerning je- 
junal diverticulosis associated with megalo- 
blastic anemia should enable the radiolo- 
gist to suggest this diagnosis with greater 
frequency. 


SUMMARY 


1. A brief review of the hematologic 
picture and etiology of megaloblastic ane- 
mia associated with jejunal diverticulosis 
is presented. 

2. The roentgen findings of this syn- 
drome are described and should alert the 
radiologist to this rare combination. 


Department of Radiology 
Meadowbrook Hospital 
East Meadow, Long Island, New York 
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SMALL BOWEL OBSTRUCTION DUE TO AN UNUSUAL 
VERMIFORM MECKEL’S DIVERTICULUM DEMON- 
STRATED BY BARIUM ENEMA STUDY* 


By JULIUS H. GROLLMAN, M.D., and DAVID SACHS, M.D. 


LOS ANGELES, CALIFORNIA 


MECKEL’s diverticulum was recently 

demonstrated on a barium enema 
study in a patient with an acute small 
bowel obstruction. The unusual appear- 
ance of the diverticulum and the absence in 
the English literature of this finding in an 
acutely obstructed patient have prompted 
the description of this case. 


REPORT OF A CASE 


A 22 year old white male student was admit- 
ted to the UCLA Medical Center with a 5 day 
history of constipation, obstipation, mild epi- 
gastric distress, and postprandial emesis. His 
past history was unremarkable. 

The vital signs were within normal limits and 
he was afebrile. The abdomen was moderately 
distended, nontender, quiet and without masses 
or organomegaly. Rectal examination revealed 
no masses or tenderness and sigmoidoscopy was 
negative to 10 inches. 

The hematocrit was 50 per cent and the white 
blood cell count 7,500 with a normal differential. 
Abdominal roentgenograms demonstrated gen- 
eralized small bowel distention with multiple 
air-Auid levels in the upright and decubitus 
positions (Fig. 1). A moderate amount of fecal 
material was noted in a nondilated cecum and 
ascending colon. Because of the possibility of a 
bowel obstruction, a barium enema examination 
was performed. The colon was normal and the 
appendix filled out well. During the procedure, 
barium refluxed into the ileum with filling of a 
long narrow segment of bowel measuring 0.3 by 
6.5 cm. Fluoroscopically, the structure was 
freely movable and only slightly tender to 
palpation (Fig. 2, ,7 and B). It was felt that this 
represented the site of the obstruction. Al- 
though a Meckel's diverticulum was considered, 
this diagnosis was not definitely made because 
of its atypical appearance. 

Subsequent abdominal exploration 3 hours 
later revealed a long narrow Meckel's diverticu- 


lum arising from the antimesenteric border of 
the ileum about 50 cm. from the ileocecal valve 
(Fig. 3). Its tip was adherent to the small bowel 
mesentery. In rotating more than 180° and at- 
taching to the mesentery, the diverticulum 
twisted the ileum and caused the obstruction. 
A diverticulectomy and appendectomy were 
performed. Postoperatively, the patient did well 
except for a moderately prolonged paralytic 
ileus. 


DISCUSSION 


It is well known that a Meckel’s divertic- 
ulum is a common anomaly with an inci- 
dence range from 1.1 to 4.5 per cent in the 
various reported series.!* This structure oc- 





Upright roentgenogram of the abdomen 
showing small bowel distention with multiple air- 
fluid levels. 


Fic. I. 


* From the Departments of Radiology and Surgery, University of California, Center for the Health Sciences, Los Angeles, California. 


3 /O 


VoL. 94, No. 2 


curs when the omphalomesenteric duct 
connecting the volk sac with the intestinal 
tract fails to completely obliterate.!?! 
It originates from the antimesenteric bor- 
der of the ileum at a variable distance from 
the ileocecal valve and has an independent 
blood supply." It contains the normal 
layers of small intestine, which is suggested 
Huoroscopically if peristaltic activity is dis- 
cerned.'? The appearance and size of a 
Meckel's diverticulum vary considerably. 
Usually, they have the configuration of a 
“finger-like” pouch with a broad base. 
Occasionally, however, vermiform diver- 
tieula have been found during surgery." 
In a review of the literature, there is no re- 





Fic. 2. (4) Postevacuation roentgenogram during 
barium enema study showing a long “appendix- 
like" Meckel’s diverticulum (arrow). Note that 
there is separate filling of the appendix (curved ar- 
row). (B) Subsequent roentgenogram showing 
motility of the diverticulum. 
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FIG. 3. 
findings in which a Meckel’s diverticulum was 
causing a small bowel obstruction. 


Diagrammatic representation of operative 


port of an "appendix-like" Meckel’s di- 
verticulum demonstrated either by barium 
meal or barium enema examination. 

The roertgenographic demonstration of 
a Meckel's diverticulum is unusual and is 
frequently discovered incidentally. It is felt 
by some that lack of visualization of the 
diverticulum results from a wide mouth 
and active persitalsis, making retention of 
barium diflicult.^* Overlying bowel loops 
filled with barium add to the difficulties of 
identification. 

Meckel’s diverticula have been demon- 
strated most often during the course of a 
small bowel studv.!* Certain authors, how- 
ever, feel that they are easier to demon- 
strate bv redux of barium into the ileum 
during a barium enema examination. ? 

Bischof and Stampflit reviewed the 
literature in 1955 and noted 8 cases in 
which the diverticulum was demonstrated 
by a barium enema studv; the first was re- 
ported by Prévót? in 1936. Fifteen addi- 
tional cases were uncovered in the English 
literature! 39,6,5,9,1,1,14,16,/20 In none. of 
these 23 cases was the examination per- 
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formed in the face of an acute obstruction. 
These studies were most often done on pa- 
tients with chronic intestinal bleeding or 
abdominal pain. 

Intestinal obstruction caused bv a Mec- 
kel’s diverticulum 1s not uncommon. Veith 


and Botsford!® found that in a series of 


1,810 cases with complications, 23 per cent 
were due to intestinal obstruction, includ- 
ing intussusception. 

Whereas hemorrhage trom peptic ulcera- 
tion ina Meckel’s diverticulum 1s seen more 
often in children; obstruction excluding 
that due to intussusception in children, is 
seen in patients of all ages. ^!*?' Bowel ob- 
struction due to a Meckel's diverticulum 
can be caused by inflammation, intussus- 
ception, band formation from diverticulum 
to small bowel mesentery or intestinal wall 
or twisting of the bowel around the di- 
verticulum. 

A barium enema examination in an ob- 
structed patient is considered unnecessary 
bv some physicians when there is an estab- 
lished indication for abdominal exploration. 
Occasionally, however, the site of obstruc- 
tion can be established preoperatively and 
the organic pathology clarified by use of the 
barium enema study. Moreover, as in the 
case presented, the barium enema examina- 
tion was a significant aid in confirming the 
diagnosis of mechanical small bowel ob- 
struction. 


SUMMARY 


A case is presented in which an unusual 
vermiform Meckel's diverticulum was dem- 
onstrated on a barium enema study in 
an acutelv obstructed SR A similar re- 
port could not be found in the English lit- 
erature, nor has a Meckel's diverticulum 
with a configuration similar to the appen- 
dix demonstrated by barium examination 
been reported. It is well recognized that its 
roentgenographic demonstration is difficult 
and uncommon. l 

Although Meckel's diverticula have been 
diagnosed more frequently during a small 
bowel studv, it is suggested that their 
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visualization is more easily accomplished if 
barium can be made to reflux into the ileum 
during an enema examination. 


Julius H. Grollman, Jr., M.D. 
Department of Radiology 

The Center for the Health Sciences 
Los Angeles, California 90024 
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THE MASS SIGN IN PRIMARY VOLVULUS OF THE 
SMALL INTESTINE IN ADULTS 


By IRVING A. SHAUFFER, M.D.,* and ERNEST J. FERRIS, M.D.1 


BOSTON, MASSACHUSETTS 


I! IS generally accepted that the pre- 
operative diagnosis of volvulus of the 
small bowel is extremely difficult, particu- 
larly from the roentgenologic standpoint. 
In view of the necessity of prompt surgical 
intervention, we feel that the roentgeno- 
graphic criteria we have encountered in 3 
cases of primary volvulus of the small 
bowel are helpful in establishing an early 
diagnosis. Although the pseudotumor sign 
of Frimann-Dahl* has been described in 
closed loop obstruction, simple obstruc- 
tions, and volvulus, the presence of a defi- 
nite mass with a sharp, smooth border in 
primary volvulus has not been stressed. 
Williams,5 and Frimann-Dahl* each show 
an example of a volvulus with a mass noted 
on the roentgenogram. It is the purpose of 
the authors to call attention to the mass 
lesion 1n primary volvulus of the small in- 
testine and to discuss briefly the differential 
diagnosis. With the clinical history in focus, 
the radiologist should, we feel, be able to 
suggest the correct diagnosis. 

Volvulus of the small bowel refers to tor- 
sion or rotation of a segment of small intes- 
tine resulting in obstruction. The occlusion 
of the lumen occurs at both the proximal 
and distal ends of the involved loop at the 
fixed point of rotation. Thus, there is ob- 
struction proximal to the involved segment, 
which itself is transformed into a closed 
loop. The obstruction of the bowel due to 
volvulus may be complete or incomplete, 
although usually the former obtains.* 

Lulenski’ differentiates between primary 
and secondary volvulus of the small bowel. 
In the primary volvulus simultaneous tor- 
sion, closed-loop formation, and simple ob- 
struction proximally are present. Adhesions 
are the most common etiologic factor. A 


long mesentery?? or a short mesenteric 
root predisposes to primary small bowel 
volvulus. 

Alternatively, the volvulus may be 
secondary to pre-existing intestinal ob- 
struction of 24 hours', or more, duration. 
This is caused by violent peristalsis of the 
movable bowel with secondary volvula- 
tion.* 

Other causes of primary or secondary 
volvulus are Meckel's diverticulum, inter- 
nal hernia, tumors, foreign body impaction, 
vascular occlusion, and developmental 
anomalies of rotation.?.3.10 


CLINICAL PATHOLOGY 


Severe, crampy abdominal pain and 
vomiting are the usual presenting symp- 
toms. Shock may occur secondary to ve- 
nous engorgement and venous pooling or 
arterial obstructior in the splanchnic bed.? 
Perforation may occur with resulting peri- 
tonitis. A mass may be palpable either 
through the anterior abdominal wall or on 
vaginal examination. 

It should be stressed that the more severe 
the twist, the greater the incidence of inter- 
ference with the blood supply and the pos- 
sibility of ensuing gangrene. Venous oc- 
clusion followed by arterial obstruction is 
the usual sequence. If operative interven- 
tion 1s carried out early enough, the patho- 
logic process may be reversed by simple un- 
twisting of the volvulus without the neces- 
sity of resection.!? 


ROENTGEN FINDINGS 


In small bowel volvulus secondary to 
previously existing obstruction, the roent- 
gen findings may be entirely nonspecific 
because the volvulated loops had previ- 


* Associate clinical Professor of Radiology, Boston University School of Medicine, Boston City Hospital, Boston, Massachusetts, 
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ously been distended with air. In primary 
volvulus, on the other hand, an early sign 
may be a density in the abdomen which has 
the appearance of a soft tissue mass. This 
would fit under one cause of ''pseudo- 
tumor" described by Frimann-Dahl, and is 
censidered. pathognomonic of strangula- 
tion.* The size of this densitv varies with 
the amount of bowel involved in the tor- 
sion. 

Some roentgenographic features consid- 
ered characteristic of small bowel volvulus 
(primary and/or secondary) are a whorled, 
pelycyclic appearance of the gas filled 
small bowel loops; widely scattered air- 
fluid levels in the upright or decubitus posi- 
tion (the fluid levels are of larger size than 
simple obstruction—the large bowel is not 
distended); the separation of the bowel 
loops bv free intraperitoneal fluid which 
produces pelvic opacity in the upright posi- 
tion; and bands of densitv outlined by 
radiolucencies due to air between thickened 
talds of fluid filled small bowel.*:! 

An isolated, gas distended small bowel 
loop in the abdomen should also bring vol- 
vulus to mind. Such a loop with its seg- 
ments separated bv thickened intestinal 
walls produces the “coffee bean” appear- 
ance of Mellins and Rigler.’ In the presence 
of free intraperitoneal air, such a dilated 
small bowel loop suggests the presence of a 
gangrenous small bowel loop which has 
perforated, the gangrene having been pro- 
duced bv the volvulus. 

Pneumoperitoneographv was suggested 
as a special procedure which would help in 
making a more specific diagnosis. In 1950, 
Perrv, Von Drashek, and Wangensteen? in- 
jected 500-1,000 cc. of air into the peri- 
toneal cavity when strangulation of a loop 
of a small bowel was suspected. They noted 
that the increased amount of blood in the 
affected small bowel lumen and its wall 
caused it to be increased in density. As a 
result, the small bowel loop stood out 
clearly against the background of air in the 
remainder of the abdominal cavity. 

The use of an opaque medium has been 
advocated in cases where the roentgen find- 
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ings are few, particularly when strangula- 
tion has occurred. Frimann-Dahl* and Wil- 
liams!* have recommended the use of bar- 
ium sulfate. Vest? has used a soluble 
opaque medium to differentiate between 
simple obstruction and strangulation. He 
noticed that the opaque medium in a sim- 
ple obstruction arrived at the obstructed 
point in approximately 1 hour. In the pres- 
ence of strangulation, however, the stom- 
ach emptied poorly, thus suggesting stran- 
gulated small bowel. 

Barium enema studies 1n cases of doubt 
serve to rule out colonic obstruction and 
dilatation. This is especially helpful when 
the small bowel becomes markedly dis- 
tended with absence of folds due to gan- 
grene so that it simulates the colon.* 

The above criteria, while suggestive of 
volvulus, meed not be pathognomonic and 
may be encountered in other types of small 
bowel obstruction. 


REPORT OF CASES 


Case 1. J.D., Boston City Hospital #2015101. 
This 22 year old white male entered the hospital 
on July 7, 1964, with a 2 day history of ab- 
dominal and back pain. There was associated 
vomiting, 25 to 30 times per day. 

Past history revealed chest trauma on the 
left side, with multiple healed rib fractures. 

Physical Examination. 'The abdomen was 
tense, but no specific mass could be felt. Bowel 
sounds were hyperactive initially. 

Laboratory Data. The white blood cell count 
was only slightly elevated (12,000). 

Roenigen Findings. A plain roentgenogram of 
the abdomen showed a soft tissue mass in the 
upper mid abdomen (Fig. 1). A barium study 
showed acute obstruction with torsion of the 
duodenal felds proximal to the ligament of 
Treitz (Fig. 2). A loop of bowel having the 
appearance of colon was noted above the left 
hemidiaphragm. 

Surgery. Xt surgery, 64 cm. of small bowel, 
extending from the ligament of Treitz distally, 
was gangrenous. This loop of bowel had under- 
gone volvulus, which was complete. It was 
also noted that the left colon had herniated 
through a defect in the left hemidiaphragm 
(presumably from old trauma), and a left 
hemicolectomy was done because the herniation 





Fic. 1. Case 1. Plain roentgenogram of the abdomen 
showing a large mass with a sharp smooth right 
border (arrows). 


had irreversibly compromised the blood supply 
to the left colon. The patient did well and was 
discharged in good condition. 


Case mn. FEW., Boston City Hospital 
#1815190. This 16 year old white male entered 
the hospital on May 11, 1964, with abdominal 
pain of 3 days’ duration. No back pain or sig- 
nificant emesis was noted. 

Physical Examination. Minimal tenderness 
was present, but bowel sounds were normal. No 
mass was felt. 

Laboratory Data. The white blood cell count 
was 12,000. 
Family 

fibrosis. 

Hospital Course. In the evening of the same 
day, the patient went into shock, and the white 
blood cell count rose to 20,000. 

Roentgen Findings. Plain roentgenogram of 
the abdomen showed a soft tissue mass in the 
right lower quadrant (Fig. 3), with small 
amounts of air in the small and large intestine. 
Upright study showed minimal large and small 
air fluid levels with no free air. 

Surgery. The entire small bowel from the 
ligament of Treitz down to the ileocecal valve 
had undergone acute volvulus with resultant 
gangrenous bowel. The duodenum, a small 
segment of jejunum, and a few centimeters of 
terminal ileum were left in place, with appro- 
priate anastomosis. It was noted that the 


History. One sibling had cystic 
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mesentery was extremely long and was prob- 
ably the etiologic factor. The patient did well. 


Case ur. J.I., an 18 year old white male, was 
admitted complaining of intermittent ab- 
dominal and back pain of 12 hours’ duration. 
There was associated vomiting. These symp- 
toms began while the patient was participating 
in a football game. 

Physical Examination. There was marked 
tenderness over the entire abdomen, especially 
in both upper quadrants. No mass was felt. 

Laboratory Data. Tre white blood cell count 
was 41,200. 

Roentgen Findings. A plain roentgenogram of 
the abdomen showed a large soft tissue mass in 
the mid abdomen extending up to the level of 
the epigastrium. There was some displacement 
upwards of the transverse colon (Fig. 4). 

Surgery. A 180 degree volvulus of the small 
bowel extending from a point 6 inches distal to 
the ligament of Treitz to a point 24 inches 
proximal to the ileocecal valve was found. 
Arterial pulsations were noted in the mesenteric 
vessels. Serosanguineous fluid was aspirated 
from the peritoneal cavity. The volvulus was 
untwisted, and the previous purplish color re- 
gressed. No resection was performed. The pa- 
tient subsequently went into shock and expired 
a few hours after the operation. 
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Fic. 2. Case 1. Barium. study shows torsion of the 
folds with obstruction proximal to the ligament of 
Treitz (arrow). 
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DISCUSSION AND DIFFERENTIAL DIAGNOSIS 


[In 3 cases of primary volvulus of the 
small bowel, the mass of water density was 
particularly well shown. With the clinical 
history of sudden abdominal pain, emesis, 
and possibly shock, correlative diagnosis 
can be made. In one case, the use of an 
opaque medium served to outline the point 
of obstruction in the distal duodenum with 
the tapering indicative of 
torsion. 

In differential diagnosis, one must con- 
sider simple small bowel obstruction, inter- 
nal hernia, vascular occlusion, and the so- 
called "sentinel-loop" associated with an 
inftammatory process in an abdominal vis- 
cus. 

[f the loops of small bowel are markedly 
distended, a simple small bowel obstruc- 
tiom may be simulated. In this instance, the 
criteria listed under roentgen diagnosis may 
be helpful in differentiation. 

When the mass-like density is demon- 
strable roentgenographicallv, the possi- 
bility of internal hernia or a vascular oc- 


pn p 


E, 


* 

EJ a 
- " 
i> , 


characteristic 





Fig. 3. Case 11. Plain roentgenogram of the abdomen 
shows well defined ovoid mass in the right lower 
quadrant (arrows). 
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Fic. 4. Case uL Plain roentgenogram of the abdomen 
shows a huge mass in the mid abdomen extending 
up to the level of Lı (arrows). Some superior dis- 
placement ct the transverse colon is present. The 
gas distribution is almost exclusively of the large 
bowel pattemn. 


clusion must first be ruled out. The latter 
is especially true in the older age group or 
in the presence of cardiac valvular disease. 
An acute exacerbation of chronic pancreati- 
tis with a pseudocyst should also be consid- 
ered. 

In the presence of a single dilated loop of 
small bowel in an acute abdomen, the pos- 
sibility that this represents a sentinel loop 
with an inflammatory process such as pan- 
creatitis, chelecystitis, or appendicitis may 
be brought to mind. These can usually be 
ruled out on clinical grounds. 

Simple obstruction and acute pancreati- 
tis with pseudocyst can usually be ruled 
out on the basis of clinical and historical 
criteria. Vascular occlusive disease is ex- 
tremely difficult to differentiate and we feel 
that artericgraphic studies, clinically 
feasible, are necessary in some cases for a 
clear diagnosis. Strangulation of an internal 
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hernia with the formation of a mass could 
mimic volvulus. 


CONCLUSION 


In the presence of acute abdominal pain, 
vomiting, possibly shock, with or without a 
palpable abdominal mass, the roentgeno- 
graphic finding of a mass in the abdomen 
should alert the radiologist to the strong 
possibility of primary volvulus of the small 
bowel. Serial radiopaque examination of 
the small bowel may be helpful when the 
plain roentgenographic findings are mini- 
mal. 


SUMMARY 


Three cases of primary volvulus of the 
small bowel are reported. With the clinical 
history and the demonstration of a mass in 
the abdomen, the probability of primary 
volvulus of the small bowel must be consid- 
ered. Characteristically, the mass is well 
defined with a sharp smooth border. 
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RECOGNITION OF ASCARIASIS BY ROUTINE CHEST 
OR ABDOMEN ROENTGENOGRAMS* 


By WILLIAM J. BEAN, M.D.+ 


NEW ORLEANS, LOUISIANA 


NE of the most common intestinal 
parasites?” is Ascaris lumbricoides. It 
was first described in Eber’s papyrus dated 
about 1550 B.C.'' and continues to cause 
symptoms, illness, and even death/*?* to 
this day. It is by far most common in the 
tropics and subtropics," but has also been 
found in the cooler climates of the world.” 
172.25 The lite cycle of this parasite has been 
well established,*?* and effective therapy 
for eradication and prevention is available. 
Improved therapeutic agents,’ increased 
awareness of the multitude of symptoms 
that can occur,??' and better sanitary 
measures have noticeably decreased the 
over-all incidence of ascariasis in this coun- 
try; however, the warmer portions of the 
United States remain a stronghold, especi- 
ally in the lower socio-economic groups.” 
With the extensive migration of the pop- 
ulation to new and different parts of the 
country, 1t 1s expected that more cases will 
be seen in areas in which it has heretofore 
been unusual. It is therefore felt that physi- 
cians should be made more aware of the 
hndings that are common on plain roent- 
genograms of the chest and abdomen in this 
disease entity, and of the signs that will 
lead to a diagnosis of or suspicion of ascari- 
asis as a cause of symptoms. 


HISTORICAL REVIEW 


In 1922 Fritz? first described the picture 
of small bowel Nematodes from barium 
contrast studies. Since then, many reports 
have appeared.??!:34 Ascaris worms have 
been demonstrated in all parts of the bowel, 
stomach, bile ducts, pancreas, pleural cavi- 
ties, bladder, fallopian tubes, brain, and 


26 


eye.“ 


Lenarduzzi? in 1938, was the first to 
visualize intestinal ascariasis without the 
use of contrast agents. Other reports! 3410 
appeared in the European literature during 
the war years but were slow to reach the 
rest of the world. 

Skapinker, in 1949, demonstrated on 
plain roentgenograms ascaris worms out- 
lined by gas in the jejunum in a patient 
with intestinal obstruction, and was the 
first to report this in the English literature. 
Other articles followed, ^? with the papers 
of Isaacs!’ and Daurelle? containing the 
best illustrations. 


MATERIAL 


All cases coded as ascariasis at Charity 
Hospital, New Orleans, between July 1, 
1961 and May 13, 1964 were reviewed. 
These included only the patients who were 
hospitalized, not the many cases seen and 
treated in the outpatient clinics. Cases in 
which the diagnosis of ascariasis was pri- 
mary as well as incidental to other prob- 
lems were included. The roentgenograms 
made from the time of diagnosis, whenever 
available, were then examined. They in- 
cluded studies of the chest only, abdomen 
only, or both. 


RESULTS 


Four hundred and fifty seven cases of 
ascariasis were diagnosed at some time dur- 
ing the patient’s hospital stay. In 262, 
roentgenograms were available for review. 
These were divided into 2 groups: the nor- 
mal, inadequate and not helpful in diagno- 
sis, which were excluded, and the abnormal 
roentgenograms which are the basis of this 
report. Several cases were excluded from 


* From the Department of Radiology, Tulane University School of Medicine, and the Department of Radiology, Charity Hospital, 


New Orleans, Louisiana. 


+ Instructor, Tulane University School of Medicine, Department of Radiology; Radiologist, Southern Baptist Hospital, New 


Orleans, Louisiana. 


379 





Frc. 1. This erect posteroanterior roentgenogram of 
the chest included enough of the abdomen to visu- 
alize multiple rounded opacities in the small bowel 
of the left abdomen. An eosinophil count of 26 per 


cent and a bilateral bronchopneumonia (not well 


here) indicate a reinfection with Ascaris 
lumbricoides. Adult worms are present in the 
bowel and larvae were aspirated from the stomach. 


seen 


the study because of inadequate clinical 
proof even though the diagnosis was obvi- 
ous from the roentgenograms. 

Roentgenographic correlation of ascaria- 
sis was possible in 95 proved cases. Seventy- 
eight of these showed definite evidence of 
ascaris worms on plain roentgenograms, 6 
cases demonstrated the worms on contrast 
studies and 11 patients showed signs that 
were not conclusively diagnostic. In 40 of 
the 78 cases with definite roentgenographic 
evidence, the ascaris could be identified on 
either an erect posteroanterior (Fig. 1) or 
lateral (Fig. 2) study of the chest, or both. 
In the remaining 38, flat and/or erect 
roentgenograms of the abdomen were 
necessary for the diagnosis. 

The age range of the patients was from 10 
months to 15 years with 84.5 per cent being 
6 years of age or less. An 11 year old and 
the only case older than 12 years of age (15 
years) were mentally retarded. 

In 81 cases symptoms were adequately 
recorded for evaluation. Fifty-two pa- 
tients, or 64 per cent, had symptoms refer- 
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able to the ascaris infestation in addition to 
any nonrelated symptoms. Twenty-nine 
patients, or 36 per cent, were free of symp- 
toms that could be related to the parasite. 
In this latter group ascariasis was usually 
an incidental finding. 

Ditterential blood counts were available 
on 78 patients. Twenty, or 25 per cent, 
were considered to have no eosinophilia or 
less than 1 per cent. Forty patients (51 per 
cent) had eosinophil counts greater than 
3 per cent and 20, or 25 per cent, greater 
than Io per cent. 

Twenty-four patients out of the 9§ (25 
per cent) demonstrated pneumonia on 
chest roentgenograms, varying from a typi- 
cal Loeffler's type?! (Fig. 3) to a small 
localized area of infiltration. It was inter- 
esting to note that the percentage of pa- 
tients with pneumonia was the same as 
that of patients with an eosinophil count 
greater than 10 per cent. Although there 
was not complete correlation between these 
two findings, the occurrence is not due to 
chance alone. Two patients with an eosino- 





Fic. 2. A lateral roentgenogram of the chest demon- 
strates rounded opacities in the anterior abdomen, 
indicating ascaris worms in the axial projection. 
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phil count of 12 and 21 per cent, respec- 
tively, were free of pneumonia, but this 
can be expected occasionally.: 

The degree of infestation did not always 
coincide with the symptoms. One 11 year 


old girl was admitted for evaluation of 


lymphedema of one foot. Massive ascaris 
infestation was incidentally noted on the 
intravenous pyelogram (Fig. 4). Another 
child, 2 years old, was seen with dark vel- 
low urine, swollen hands and knees, a run- 
ning nose, rhonchi, and dullness in the lung 
bases. He was known to be a chronic dirt 
eater. He was afebrile and had a white 
bleod cell count of 31,400 with 26 per cent 
eosinophils. Stool examination was nega- 
tive and a liver biopsy was normal. Sickle 
cell preparations were negative and virus 
studies were of no help. The eosinophil 
count rose to 41 per cent and on the tenth 
hospital day ascaris eggs were noted in the 
stool. He was treated with piperazine and 
improved rapidly. The edema subsided and 
the symptoms resolved; however, the lung 
infiltration persisted for 2 weeks. Eight 
menths later the child was again seen with 
a mild upper respiratory infection of 1 





Fic. 3. Loeffler's pneumonia, small bowel distention 
and curvilinear outlines of ascaris in the left lower, 
quadrant are seen—a case of reinfection. 
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Fic. 4. An 11 year old child with edema of one foot 
showing massive ascaris infestation on this intra- 
venous pyelogram. Multiple linear opacities are 
seen throughout the small bowel. The only symp- 
tom referable to the parasitism was restlessness 
in her sleep. 


week's duration, cough, corvza, pitting 
edema of hands and feet, and “hives” of 1 
day's duration. His temperature was 103° 
F. The physical examination revealed bi- 
lateral basilar pneumonia. Roentgeno- 
grams (Fig. 5) demonstrated pneumonia 
and ascaris in the abdomen. The stool was 
positive for ascaris, and he had a white 
blood cell count of 22,000 with 7 per cent 
eosinophils. His response to treatment with 
antihistamines and piperazine was again 
rapid. It is likely that this patient repre- 
sents an allergic reaction to ascaris as sug- 
gested by Mercer e al.” 

Three patients who were followed from 3 
to g months for peptic ulcer without clear 
recognition of an ulcer showed little change 
in symptoms. When the ascariasis was rec- 
ognized on upper gastrointestinal roent- 
genograms in 2 patients and on plain roent- 
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l'1G. 5. An erect posteroanterior chest roentgenogram 
demonstrates consolidating pneumonia in the 
rght upper lobe, generalized bronchopneumonia, 
and ascaris in the left abdomen. The ascaris are 
seen as curvilinear opacities and are outlined by 
small bowel gas. 


genograms in the third, proper treatment 
was instituted with lasting results. 
In § patients surgery had been per- 





lic. 6. A 4 year old child with megacolon was in- 
cidentally found to have ascariasis during a barium 
enema examination. The worms are seen in axial 


projection outlined by gas in the small bowel be- 
tween loops of barium filled colon. They appea- 
as many rounded and ovoid opacities. 
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formed. One patient had an intestinal 
obstruction due to intussusception, 1 had 
appendicitis and 3 had only ascaris. 

A high incidence of dilated loops of small 
bowel, without okstruction, was seen in 
cases with abdominal symptoms. This is 
felt to be due to toxins produced by the 
worms causing irritability and spasm of 
the bowel.? Conservative treatment re- 
sulted in rapid improvement of the patients 
and resolution of the signs and symptoms 
of intestinal obstruction. No deaths were 
encountered as a result of ascariasis in this 
series. 

DISCUSSION 


The presence of Ascaris lumbricoides 1s 
often overlooked on roentgenograms of the 
chest and abdomen in children unless the 
infestation is massive. The outline of these 
worms by gas in the small bowel makes rec- 
ognition relatively easy, be there only one 
or many worms present. An increased index 
of suspicion and understanding of the 
varied roentgenographic appearance of 
ascariasis will greatly improve the incidence 
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lic. 7. A supine roentgenogram of the abdomen dem- 
onstrates pica on the right and ascaris worms on 
the left. The association of pica and ascariasis is 
à common one. 
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of early diagnosis, especially when the 
symptoms are bizarre. 

The roentgenographic signs of ascariasis 
can be divided into primary and secondary. 
The primary signs are diagnostic and con- 
sist of identification of single or multiple 
worms outlined by bowel air, either in linear 
masses (Fig. 4 and 5) or whirlpools,” or in 
axial projection (Fig. 6 and 8). A single 
worm can be more easily seen in a linear 
projection but a well-defined round opacity 
of a single worm in the axial (“on end") 
projection?*?* can often be diagnostic. The 
secondarv signs are not diagnostic but the 
presence of two or more in a patient should 
be highlv suspicious. They include the 
demonstration of pneumonia, pica (Fig. 7), 
ileus, lead lines, and simulated small 
bowel obstruction ( Fig. 9). 

It is noteworthy that the secondary signs 
are of less significance in teen age children 
and of little or no help in adults. This group 
of patients, however, forms a very small 
proportion of those with ascariasis. 

The close correlation in these patients of 
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Fic. 3. A small bowel barium study demonstrates 
many ascaris worms in the right side of the ab- 
demen. They are seen in axial projection and look 
like many round filing defects in the barium 
column. This illustrates why they are frequently 
seen only in the axial projection. 
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A dilated small bowel with air fluid levels is 
evident in this erect study of the abdomen. Mul- 
tiple ascaris worms are visualized in the left ab- 
domen in both longitudinal and axial projections. 
The simulared small bowel obstruction seen here 


FIG. 9. 


is a commen occurrence and is probably due to 
toxins from the ascaris worms causing irritability 
and spasm of the bowel. 


eosinophilia of a significant degree (greater 
than 10 per cent) with LoefHer’s pneumonia 
is to be expected. The 2 cases 1n our group 
which did not fall into this expected pattern 
can be explained by the delayed appearance 
of eosinophilia as described bv Le Melletier 
ra” 
SUMMARY 

I. A review of 95 cases of ascariasis from 
Charity Hospital is presented and the 
clinical findings as related to the roentgeno- 
graphic findings are described. 

2. The ease with which the ascariasis can 
be seen on plain roentgenograms of the 
chest or abdomen 1s emphasized. 

3. Typical roentgenograms showing the 
signs of ascariasis are presented. 

4. Primary and secondary roentgeno- 
graphic signs of ascariasis are discussed. 
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ETASTATIC carcinoma of the small 

bowel and its mesenterv, although a 
common finding at necropsy, may go un- 
recognized roentgenologically.'??? A study 
of these patients reveals a multiplicity of 
roentgen changes which, while not pathog- 
nomonic, are highly suggestive. In some of 
these patients, the presence of abdominal 
carcinomatosis is obvious clinically and 
small bowel examination demonstrates 
findings indicative of multiple large met- 
astatic masses. Difficulties, however, arise 
when a primary site 1s not known and the 
disease is less advanced. In such instances, 
only a single lesion may be discovered or 
there mav be no constant morphologic 
alterations in the small bowel but only 
functional motor changes or ascites. 

The most frequent sites of origin of 
metastatic disease to the small bowel are 
the ovarv, pancreas, stomach, colon, breast, 
lungs and uterus. Patients usually present 
with svmptoms indicative of intestinal 
obstruction, such as pain and increasing 
abdominal girth or with weight loss. Gas- 
trointestinal bleeding may, occasionally, be 
the first manifestation of metastatic di- 
sease. Abdominal examination will usually 
reveal distention, intra-abdominal masses 
or ascites. 

>athologically, the metastatic lesion may 
originate in the wall of the bowel, sub- 
serosally, or in the mesentery. A submuco- 
sal lesion may develop a pseudo-pedicle and 
present as an intestinal polyp and cause 
intussusception and bleeding. More com- 
monly, mesenteric or serosal deposits ex- 
tend secondarily into the wall of the bowel, 
producing angulation, fixation and flatten- 
ing of the contour of the bowel wall. With 
continued growth, the tumor may extend 
through the bowel wall and present as an 
intraluminal sessile mass with or without 


ulceration. In other instances, the appear- 
ance of an intraluminal mass may be simu- 
lated by invagination of the wall and tumor 
toward the lumen. Intestinal obstruction 1s 
caused by a combination of encroachment 
on the lumen, local fixation and deformity, 
as well as angulation and twisting of the 
bowel. 

For descriptive purposes, these metasta- 
tic lesions related to the small intestine mav 
be arbitrarily divided into three groups 
depending on the predominating tvpe of 
roentgen change. There is obviously con- 
siderable overlap of these groups. 


CLASSIFICATION 


Group I. Single or multiple metastatic 
lesions involving primarily the wall of the 
small bowel. 

Group n. Metastatic lesions involving 
primarily the mesentery, with or without 
involvement of the adjacent wall of the 
bowel. 

Group 10. Multiple metastatic nodules 
involving both the small bowel and the 
mesentery. Ascites is particularly common 
in this group. 


GROUP I 


The earliest finding in Group ris that of a 
discrete intramural, extramucosal tumor 
which produces a contour defect similar to 
any other submucosal tumor (Fig. 1, 7 and 
B). Metastatic lesions usually show some 
irregularity or lobulation and often super- 
ficial ulcerations. With continued growth, 
the lesion may involve almost the entire 
circumference of the bowel wall and pro- 
duce rather marked and irregular narrow- 
ing of the lumen and partial obstruction 
(Fig. 2). However, most of the growth may 
occur intrahiminally with the production of 
a false pedicle and an intraluminal polypoid 
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Fic. 1. (4) Metastatic carcinoma from body of uterus. There is a localized, 3 cm., slightly irregular submuco- 
sal nodule in the fourth portion of the duodenum (arrows). There is no mucosal ulceration or proximal 
dilatation. The defect does not have the exquisite sharpness usually associated with benign intramural 
tumors. This type of nodular defect can be seen also as a result of direct exteasion from a carcinoma of the 
body of the pancreas. (B) Metastatic carcinoma from the ovary. A solitary, submucosal lesion is present in 
the jejunum. The margins of the mass are not exquisitely sharp. Despite this, however, ditferentiation from 


a benign submucosal tumor is difficult. 


detect simulating an adenomatous polyp 
(Fig. 3). This process may be associated 
with some degree of intussusception. How- 
ever, long segments of intussusception are 
uncommon because of the frequent pres- 
ence of fixation to the parietes. A metasta- 
tic lesion originating in the wall of the 
bowel may also, as it grows, extend into the 
mesentery and present as a so-called “‘endo- 
exo-enteric mass." When necrosis of the 
tumor is extensive, irregular ulceration 
similar to a primary carcinoma may be seen 
(Fig. 4, 7, B and C). In an occasional case, 
there may be marked excavation of the 
tumor producing a huge irregular cavity 
within it. 


GROUP II 


In Group 11, the metastatic mass arises in 
the mesentery rather than in the wall of the 


bowel. In the initial stage, single or multi- 
ple areas of smooth indentation upon the 
loops of small bowel are seen (Fig. 54). At 
this stage, the small bowel loops are nor- 
mally distensible. The appearance is not 
pathognomonic of metastatic disease since 
it 1s also seen with other retroperitoneal 
masses. When the mass infiltrates the 
bowel wall, the indentation mav become 
irregular and fixation of the segment of 
bowel occurs associated with obvious evi- 
dence of extrinsic pressure along the mesen- 
teric border (Fig. £5). The involved part of 
the bowel is then flattened or convex 
towards the lumen. The folds in the area 
are flattened, angulated and blunted. As 
the mass continues to grow, the appearance 
is that of segments of small bowel wrapped 
around a mesenter:c mass without evidence 
of mucosal ulcerat:on or intraluminal poly- 


VoL. 94, No. 2 


poid masses (Fig. £C). Obstruction in this 
group is usually associated with angulation 
and fixation of the intestinal loops. This 1s 
in contrast to lymphoma where compres- 
sion of the bowel loop occurs but usually 
without fixation or angulation, or intimate 
adherence to the bowel wall. 


GROUP III 


In Group 11, multiple implants produce 
changes not only in the wall of the bowel 
but also in the mesenterv. This results in 
multiple areas of eccentric or concentric 
constriction with intervening segments of 
dilatation. The folds in the narrowed seg- 
ment are distorted and not destroyed (Fig. 
6.7). The metastatic process in the mesen- 
tery produces shortening, rigidity and 





Fs. 2. Metastatic carcinoma from the colon. There 
is a short, annular, constricting lesion with an 
eccentric lumen and slight proximal dilatation. 
The margins terminate abruptly without over- 
hanging edges. Slight nodularity of the superior 
wall of the narrowed segment is also evident. There 
is no extrinsic component. 
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Fic. 3. Metastatic carcinoma from the kidney. There 
is a single polypoid intraluminal mass in the proxi- 
mal jejunwm (arrows) associated with a slightly 
eccentric himen and minimal intussusception. A 
single small metastatic nodule such as this is difh- 
cult to diferentiate from a submucosal tumor or 
intraluminal polyp. 


thickening of this structure. As a result of 
the shortening of the mesentery, the small 
intestine appears short. Shortening of the 
mesentery is also associated with a peculiar 
crowding of the valvulae conniventes which 
may be referred to as “pleating” or "shir- 
ring." This roentgen appearance is similar 
to that noted in small intestinal intubation 
(Fig. 6, B and C). 

The small bowel at the ligament of 
Treitz presents a rather special problem 
because both metastatic lesions and exten- 
sion into the bowel from carcinoma of the 
pancreas are frequent in this area (Fig. 74). 
Since the bowel in the region of the liga- 
ment of Treitz may be obscured by the 
overlving stomach, a supine or lateral 
decubitus projection mav provide better 
visualization (Fig. 75). Often the first 
suspicion cf the presence of a tumor in this 
area arises from the presence of dilatation 
of the proximal portion of the duodenum. 
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Fic, 4. (£) Metastatic adenocarci- 
noma, primary unknown. There is an 
irregularly constricting lesion in the 
proximal jejunum showing mucosal 
ulceratior and an eccentric lumen. 
Dilatation proximally produces an ap- 
parent overhanging edge. (B) Same 
case I hour later. The irregular ulcera- 
tion is now more obvious. In addition, 
angulation and fixation at the tumor 
site are demonstrated (arrow). De- 
spite the narrowing and dilatation, 
barium passes readily into the distal 
bowel.(C; Metastatic carcinoma from 
the colon. There is a large, irregular 
ulceration (upper left arrow) within a 
lobulated endoexo-enteric mass (lower 
arrows) in the ileum proximal to the 
ileotransverse colostomy. There is 


only minimal obstruction. This appearance is often seen with other submucosal tumors such as lym- 


phosarcoma. 


Distortion, fixation and stretching of the 
tolds, irregular ulcerations and obstruction 
are features which should suggest an infil- 
trating neoplasm in the region of the liga- 
ment of Treitz. 

As a result of extensive involvement of 
the mesentery and bowel wall, there may be 


ascites. Ascites can be recognized by bulg- 
ing flanks and the central position of the 
small intestinal loops. On occasion, a pecu- 
liar appearance of the valvulae conniventes, 
a “herring-bone” configuration, is seen 
(Fig. 8/7). This pattern is presumably due 
to trapped air distributed throughout the 
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Fic. §. (4 Metastatic carcinoma from retro- 
peritoneal lymph nodes, primary unknown. 
Metastatic nodules produce separation of 
the loops of bowel with evidence of extrinsic 
pressure (arrows). (B) Metastatic car- 
cinoma, primary unknown. Fixation of the 
loop with invasion of the mesenteric aspect 
(arrows) is demonstrated. (C) Metastatic 
carcinoma from the lungs. Fixation and 
infiltratien of several loops of bowel around 
a mesenteric mass are seen. At this time 
partial irtestinal obstruction is evident. 

These 3 cases show the varying degrees of 
involvement. of the bowel wall by large 
mesenterc masses. 


bowel, producing an air contrast study. other etiologies. Because of the marked 
This is best seen with partial intestinal mesenteric involvement, there is fixation 
obstruction and is more commonly noted and drawing together of the bowel loops 
with metastatic lesions but not in ascites or with central location of the loops which re- 
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Fic. 6. (4) Metastatic carcinoma, primary 
unknown. There are multiple short segments 
of irregular narrowing where the mucosal 
folds are distorted, blunted and fixed (ar- 
rows). The intervening bowel segments are 
slightly dilated due to obstruction. There is 
no discrete mass nor is there mucosal ulcera- 
tion. The bowel appears short, presumably 
from mesenteric infiltration and its central 
location suggests ascites. (B) Metastatic 
carcinoma from the ovary. There is partial 
intestinal obstruczion secondary to multiple 
irregular narrowed segments of ileum. The 
dilated bowel on the left side of the abdo- 
men is due to obstruction. On the right, the 
loop is not only dilated but fixed and the val- 
vulae separated. This is due to both obstruc- 
tion and adjacent mesenteric involvement. 
The long narrowed segment in the mid-ab- 
domen shows irregular indentations due to 
mural infiltration and is separated from ad- 
jacent loops because of the mesenteric mass. 
(C) Metastatic carcinoma from the ovary. 

Advanced cases of metastatic disease 

demonstrating multiple areas of alternating 

narrowing and dilatation with fixation, angulation of the bowel loops, shortening and ascites. 
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Fic. 7.64) Metastatic carcinoma, primary unknown. 
Narrowed segment in the third portion of the 
duodenum (arrow) with thickened nodular folds 
and obstruction. It is impossible to distinguish in- 
vasion by carcinoma of the pancreas from meta- 
static implants in this region. (B) Metastatic car- 
cinoma from the cervix. There is an obstructing 
lesion of the ligament of Treitz which is best vis- 
ualized in the lateral decubitus position (arrows). 











main fixed despite change in position of the 
patient (Fig. 8, B and C). Occasionally, the 
eccentric clumping and fixation of loops by 
carcinomatosis produce a pseudo-internal 
hernia configuration (Fig. 94). 

Plain roentgenograms of the abdomen 
may be diagnostic of carcinomatosis. These 
show segments of irregularly contoured, 
dilated loops of small bowel scattered in 
dierent portions of the abdomen. If this 
appearance 1s associated with bulging of the 
flanks and central location of the bowel, the 
presence of metastatic carcinoma is likely 
(Fig. 95). Fixed soft intrusions on the gas 
column of dilated loops may also be seen. 
An occasional finding is the presence of 
multiple, small, psamomma-like calcifica- 
tions. These are tiny, 1 to 2 mm. in diame- 
ter, and so faint that they mav be over- 
looked (Fig. 9C). On occasion, the calcific 
densities 1n metastatic tumors may be large 
and irregular and superficially resemble 
calcified mesenteric lymph nodes or uterine 
fibroids. Metastatic calcifications, however, 
tend to be less confluent and dense in con- 
trast to those seen in fibroids and lymph 
nodes where these are lumpy, confluent and 
sharply defined. Peritonitis with ascites due 
to an inflammatory process such as tuber- 
culosis may produce some of the findings 
described above. 


DIFFERENTIAL DIAGNOSIS 


When a metastatic lesion presents as a 
sohtary defect, differentiation from a pri- 
mary tumor may not be possible. However, 
the classic appearance of a primary carci- 
noma with a short segment of stenosis and 
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symmetrical overhanging edges is uncom- 
mon with a metastatic process. The ulcera- 
tions in metastatic tumors, when present, 
are usually larger and more irregular, and 


392 R. H. Marshak, M. T. Khilnani, J. Eliasoph and B. S. Wolf June, 1965 


o ae. ¥ E 





KL. 


Fic. 8. (4) Metastatic carcinoma from fundus 
of stomach. The central location of the small 
intestine with bulging flanks is due to ascites. 
The normal feathery appearance of the 
mucosal folds is enhanced by trapped intra- 
luminal air. (B) Same case. Àn erect roent- 

A genogram shows no change in the position of 

the small intestine. This is presumably due 

to a combination of fixation of the bowel 
and the mesentery, and ascites. (C) Meta- 


rman 


static carcinoma, primary unknown. Erect 
study. There are multiple small, sharply 
demarcated pressure defects on the loops of 
small bowel. The mucosa is intact. The 
ascites was minimal and the fixed location of 
the loops was due to extrinsic carcinomato- 
sis. (Courtesy of H. Johnson, M.D., River- 
side Hospital, Jacksonville, Florida.) 





Itc. 9. (4) Abdominal carcinomatosis, primary unknown. The large central irregular mass 1s due to matted, 
ixed mesentery and small bowel infiltrated by metastatic carcinoma. Free intraperitoneal air outlines the 
cum and accentuates the mass which simulates an internal hernia. (B) Metastatic carcinoma from the 
ippendix. Multiple dilated small bowel segments, some of which have irregular contours and a conical 
ıppearance, are scattered in the abdomen. This is due to trapped air secondary to multiple partial obstruc- 
ions. The calcifications are within metastases and are larger than psamomma bodies (arrows). (C) Mul- 
iple punctate psammoma-like calcifications are seen in the pelvis in a 11 year old child. Diagnosis: Un- 
lifferentiated carcinoma, probably arising in teratoma of ovary. 


394 


the bowel is frequently angulated and fixed 
at the site of the tumor. Intestinal obstruc- 
tion, although present in both, is usually 
more marked in primary carcinoma. A 
metastatic process presenting as a single 
constricting lesion must also be distin- 
guished from inflammatory lesions, a stric- 
ture secondary to infarction, and a lym- 
phoma, specifically Hodgkin’s disease. 
Irregularity of the contour and eccentricity 
of the process are features not ordinarily 
found in segmental infarction where the 
walls are more often tapering and conical. 
In regional enteritis, single short segments 
of involvement are rare and the inflamma- 
tory nature of the process will usually be 
evident by characteristic mucosal changes. 
In lymphosarcoma, there is often local 
dilatation of the bowel lumen despite the 
infiltrating nature of the tumor process. 
Hodgkin’s disease, on the other hand, may 
produce narrowing and irregularity of the 
contour, as seen in metastatic or primary 
carcinoma. When a large mass is present, 
obviously displacing adjacent small bowel, 
both lymphoma and metastatic disease 
must be considered. Angulation and fixa- 
tion as well as direct involvement of the 
bowel by retroperitoneal lymphosarcoma is 
not common and lymphoma of this type is 
rarely associated with any significant de- 
gree of obstruction. 

The chief problem in differential diagno- 
sis in the region of the ligament of Treitz is 
direct extension from a carcinoma of the 
pancreas. In most of these instances, the 
possibility of metastatic disease will arise 
only when a previous primary neoplasm has 
been evident. 

Metastatic carcinoma which has caused 
shortening of the mesentery and multiple 
areas of narrowing and intervening dilata- 
tion may result in a superficial resemblance 
to granulomatous ileojejunitis. Absence of 
involvement of the terminal ileum suggests 
metastatic disease. Moreover, in metastatic 
carcinoma confined to the wall of the bowel 
or the adjacent mesentery, the mucosal 
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folds, although distorted and angulated, are 
still present, and diffuse ulceration and a 
cobble-stone pattern are not evident. Sinus 
tracts and fistulae are uncommon 1n meta- 
static carcinoma. 


SUMMARY 


Metastatic carcinoma of the small bowel 
produces a variety of roentgen findings 
which can be diagnostic of this entity. The 
roentgen features have been divided into 
three groups and depend on whether the 
bowel alone is involved, the mesentery, 
peritoneum or all three. When only the 
bowel is involved, the more common roent- 
gen findings include contour or polypoid 
defects, ulceration, narrowing of the bowel 
lumen and partial intestinal obstruction. 
With involvement of the mesentery, fixa- 
tion and angulation of the bowel occur. 
The conspicuous roentgen finding at this 
time is often shortening of the bowel and 
mesentery with shirring and pleating of the 
valvulae. When the peritoneum is involved, 
ascités may occur. An interesting roentgen 
configuration associated with the presence 
of ascites is a fixed pseudo-internal hernia 
appearance. 


Richard H. Marshak, M.D. 
1075 Park Avenue 
New York 28, New York 
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HYDROCELE OF THE SPERMATIC CORD 
WITH ROENTGENOGRAPHIC FINDINGS SIMULATING A 
MUCOCELE OF THE APPENDIX 
By ERNEST J. FERRIS, M.D.,* and IRVING A. SHAUFFER, M.D.1 


BOSTON, MASSACHUSETTS 


"RE purpose of the authors is to de- 
scribe a hvdrocele of the spermatic 
cord, which was unique, both in its location 
and in its roentgenographic appearance. A 
brief discussion of the roentgenologic find- 
ings of this lesion with reference to its re- 
semblance to a mucocele of the appendix is 
presented. 


EMBRYOLOGY--ANATOMY 


At the beginning of the third fetal month, 
sac-like pockets of peritoneum protrude 
into each side of the ventral abdominal 
wall. These are the beginnings of the vag- 
inal processes. At the sixth fetal month, 
each sac evaginates through the ventral 
abdominal wall, thus producing a slanting 
inguinal canal. 

The testicle, originating in its germinal 
analogue in the abdomen, migrates into the 
inguinal canal at approximately the seventh 
month. The ductus deferens, spermatic ves- 
sels and nerves are carried down into the 
scrotum along with the testis and epididy- 
mis. Before birth, the process vaginalis be- 
comes pinched off from the peritoneal cav- 
itv. The sac, now isolated, becomes the 
tunica vaginalis. Its visceral laver 1s closely 
adherent about the epididymis and testis, 
whereas the parietal laver forms a lining 
into the scrotal sac.” 

The internal inguinal ring is the cephalad 
limit of the spermatic cord and its parietal 
tunica vaginalis covering. The vas deferens 
caurses out of the inguinal canal, proceeds 
retroperitoneally, and hooks around the 
ureter to enter the seminal vesical ejacula- 
tory complex.? 


PATHOLOGY 


A hvdrocele is an abnormal accumulation 


of serous fuid in the sac of the tunica 
vaginalis.| While the majority are con- 
tained in the scrotum, there may be exten- 
sion into the pelvis when the hydrocele in- 
volves the spermatic cord at or near the in- 
ternal ring orifice. 

Hydroceles may occur as a complication 
of gonorrhea, tuberculosis, or syphilis. 
Rarelv, trauma or neoplasms are implicated 
in the eticlogy. They are usually asymp- 
tomatic. Acute symptoms may occur, due 
to secondary infection from the testicle or 
epididymis, or from twisting of its pedicle.’ 


ROENTGENOGRAPHIC FINDINGS 


Hydroceles present as soft tissue masses, 
and are not specific. Soft tissue roentgenog- 
raphy of the scrotum will show a mass of 
water denstv. When the spermatic cord 1s 
the site of the hydrocele, soft tissue roent- 
genography is difficult because of overlying 
bony structures. On rare occasions, there 
may be same calcium in the wall of the 
hydrocele.! 


REPORT OF A CASE 


T. P., Boston City Hosptial #2004308. This 
57 year old Negro male was in good health until 
the spring of 1962. He entered the Boston City 
Hospital with progressive dyspnea, hemoptysis, 
chills, and fever. Clinical and laboratory work- 
up, as well as a chest roentgenogram, were nega- 
tive. At that time, he had bleeding hemorrhoids. 
A plain roentgenogram of the abdomen, made 
prior to a routine barium enema examination, 
showed a calcified mass approximately 6 cm. 
in diameter in the right lower quadrant. Both 
barium enema and intravenous pyelographic 
studies showed no abnormality. Clinical ex- 
amination at that time was entirely negative. 
The presumptive diagnosis was a mucocele of 
the appendix. The patient refused surgery. 


* Instructor in Radiology, Boston University School of Medicine, Boston City Hespital, Boston, Massachusetts, 
1 Associate Clinical Professor of Radiology, Boston University School of Medicine, Boston City Hospital, Boston, Massachusetts. 
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lic. 1. Arrows denote a 6X8 cm. ovoid soft tissue 
density with a fine rim of calcium at its periphery. 
This extends upward from the right side of the 
pelvis and partially overlies the sacroiliac articu- 
lation. 


The patient re-entered the Boston City Hos- 
pital, on March 3, 1964, with a chief complaint 
of recurrent bleeding hemorrhoids. Routine 
physical examination disclosed a hard mass 
about the size of a fist in the right lower quad- 
rant. 

Roentgen Findings. A preliminary barium 
enema study of the abdomen showed a soft tis- 
sue mass with an oval fine rim of calcium in the 
right lower quadrant (Fig. 1). The cecum ap- 
peared superiorly displaced (Fig. 2). There was 
incomplete filling of the appendix. With change 
of position, the calcified mass was not separated 





Fic. 2. Colon partially outlined with opaque mate- 
rial. [he soft tissue mass in the right lower quad- 
rant displaces the cecum superiorly with compres- 
sion of its inferomedial aspect (arrow). 
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from the base of the cecum. On the roentgeno- 
gram made after evacuation, there appeared to 
be concentric compression of the mucosal folds 
at the base of the cecum, suggesting some de- 
gree of invagination (Fig. 3). 

The apparent attachment of the mass to the 
base of the cecum, the calcific deposition in its 
wall, and the incompletely filled appendix led 
to the preoperative diagnosis of a mucocele of 
the appendix. 

Continuation of Hospital Course. On March 
6, 1964, under spinal anesthesia, the abdomen 
was opened through a right paramedian in- 
cision. Immediately presenting in the right 
lower quadrant was a large 8 cm. cystic mass, 
retroperitoneal in location, displacing the cecum 
cephalad. Dissection showed that it extended 
down and into the inguinal canal (Fig. 4). The 
cyst contained thin serous fluid. 

Pathology. The specimen measured 8 X6 X 4.5 
cm. Its wall measured 0.3 cm. in thickness. The 
inner lining of the cavity showed papillary 
projections which were identified as calcific in 
nature. Microscopic diagnosis was consistent 
with a hydrocele arising from the spermatic 
cord. 


DISCUSSION 


In view of the similaritv of the roent- 
genographic findings in this case to those 
usually associated with a mucocele of the 
appendix, it may be well to review the cri- 
teria for the diagnosis of mucoceles of the ap- 
pendix set forth by Euphrat.? These are the 
tollowing: 





F1G. 3. Postevacuation roentgenogram demonstrates 
the constant relationship of the right lower quad- 
rant mass to the inferomedial aspect of the cecum 
(arrow). 
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t. A sharply circumscribed lobular or 
renitorm soft tissue mass with considerable 
mobility, but firmly attached to the cecum. 

2. Medial displacement of the cecum by 
this mass. 

3. Calcium deposits in the wall or sub- 
stance of the mass, failure of the appendix 
to fill with contrast agent, and a vertical 
appearance of the fold of the cecal mucosa. 


In spite of these criteria, the diagnosis of 
mucocele of the appendix without calcifica- 
tion is extremely difficult. It is of interest to 
compare the roentgenograms in the de- 
scribed hydrocele of the spermatic cord 
with a calcified mucocele of the appendix, 
which was encountered at about the same 
time (Fig. 5 and 6). The striking similarity 
between the presented case of hydrocele of 
the spermatic cord and the case of mucocele 
of the appendix is quite obvious, and this 
entity must be added to the differential 
diagnosis of a right lower quadrant mass. 





Fic. 4. Photograph at surgery. The hydrocele has 
been reflected downwards over the inguinal region. 
Arrow points to origin at internal inguinal ring. 
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lic. 5. Mucocele of the appendix. An ovoid soft 
tissue mass overlies the right sacroiliac articula- 
tion. À rim of calcium outlines its periphery 
(arrow). Bowel loops of the terminal ileum are dis- 
placed medially bv this mass. The base of the 
cecum is compressed. 





l'ic. 6. Oblique roentgenogram of the right lower 
quadrant shows the relationship of the mucocele 
to the cecum. 


398 Ernest J. Ferris and Irving A. Shauffer June, 1965 


SUMMARY REFERENCES 


A case of a hydrocele of the spermatic 
cord is reported. 

The roentgenograms showing a mass 
with a fine rim of calcification invaginating 
and adhering to the base of the cecum are 
presented. 

The simulation of a mucocele of the ap- 4% 
pendix 1s stressed. 


I. ANDERSON, W. A. D. Pathology. C. V. Mosby | 
Company, St. Louis, 1953, p. 629. 


2. Arey, L. B. Developmental Anatomy. W. B. 
Saunders Compar y, Philadelphia, 1954, pp. 27, 
3297331. 


. CAMPBELL, M., Editor. Urology. W. B. Saunders 
Company, Philadelphia, 1963, pp. 1308-1310. 


4. Evpurat, E. J. Roentgen features of mucocele of 


Ernest J. Ferris, M.D. appendix. Radiology, 1947, 48, 113-117. 
Department of Radiclogy 
Boston University School of Medicine 5. Keyes, E. L. Urology. D. Appleton & Company, 
Boston, Massachusetts New York, 1929, pp. 597-600. 

z^ XC 


Voti. 94, No. 2 


DISPLACEMENT OF THE INTESTINE BY THE 
ILIOPSOAS MUSCLE* 


By WILLIAM MARTEL, M.D. 


ANN ARBOR, MICHIGAN 


T IS apparently not generally appreci- 

ated that the normal iliopsoas muscle 
may produce a remarkable displacement of 
the sigmoid colon or distal ileum, particu- 
larly in young muscular individuals. In 
some instances this may be confused with 
an abnormal pelvic mass displacing the 
bowel. 


REPORT OF A CASE 


A 29 year old female entered the University 
of Michigan Medical Center because of vaginal 


Spree 


Fic, 2. Extrinsic pressure deformity of the 
sigmoid colon. 








Itc. 1. (4) Pre-evacuation roentgenogram. (B) Post-evacuation roentgenogram. Anterior and upward 
displacement of the sigmoid colon near the left iliac fossa. 


* Erom The Department of Radiology, The University of Michigan Medical Center, Ann Arbor, Michigan. 
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Fic. 3. (4) Small bowel examination showing extrinsic pressure deformity of the terminal ileum felt to be 
due to the psoas muscle. (B) Bariun enema study showing symmetric displacement of the sigmoid colon 
at the same level. 


| 
| 





Fic. 4. Same case as in Figure 3, 4 and B. Intravenous pyelograms. (4) With compression. (B) Without 
compression. Both ureters veer medially and symmetrically as they cross the iliopsoas muscles. Note the 
bilateral prominence of the iliopsoas muscles. 
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bleeding of 2 months' duration. The patient was 
a well developed, white female in whom physical 
examination revealed the uterine cervix to be 
completely involved by an exophytic carcinoma 
which seemed to extend slightly toward the left 
fornix. Biopsy of the lesion showed unditteren- 
tiated squamous cell carcinoma. Barium enema 
examination demonstrated an arcuate, anterior 
and upward displacement of the sigmoid colon 
near the left iliac fossa (Fig. 1, Æ and B). Pelvic 
extension of the neoplasm with colon displace- 
ment was suspected. Intravenous urograms were 
normal but the lower ureters were not visual- 
ized. At celiotomy, it was found that the neo- 
plasm was confined to the cervix uteri and 
adjacent vaginal wall. The left ovary and 
fallopian tube were normal. Both iliopsoas 
muscles were symmetrically large and it was 
felt that the sigmoid deviation was due to this 
factor. 
COMMENT 


Two other cases showing similar intes- 
tinal displacement have since been ob- 
served, although in neither was there surgi- 


pog 
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cal verification of this finding. In one el- 
derly female patient, the sigmoid colon was 
displaced anteriorly and upward within the 
pelvis (Fig. 2). There was no clinical evi- 
dence of a pelvic mass and the barium 
enema examination was requested largely 
as a routine procedure. The second patient, 
a young muscular male, showed symmetric 
displacement of the terminal ileum and sig- 
moid colon, but this occurred above the pel- 
vis at the level of L4-5 (Fig. 3, £ and B). 
Re-examination showed that these seg- 
ments of the bowel were not fixed in posi- 
tion and that there was no intrinsic ab- 
normality of the intestine. Furthermore, 
intravenous pvelograms (Fig. 4, 4 and B), 
obtained to determine whether there was 
symmetric displacement of the ureters by 
the iliopsoas muscles, showed this to be the 
Case. 

Department of Radiology 

University of Michigan Medical Center 

Ann Arbor, Michigan 
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ROENTGEN SIGNS OF INTESTINAL NECROSIS* 


By LEO G. RIGLER, M.D., and WILLIAM L. POGUE, M.D.1 


LOS ANGELES, CALIFORNIA 


ECROSIS of the bowel is commonly 

associated with various forms of vas- 
cular occlusion. The latter may arise as a 
result of a simple mesenteric thrombosis 
either arterial or venous; the closure may be 
the result of vascular disease, or uncom- 
monly from trauma, especially during sur- 
gery. Other forms of vascular occlusion are 
associated with a number of diseases of 
more obscure origin. It is notable that in- 
testinal necrosis has been reported in pa- 
tients with intact arteries and veins, appar- 
ently associated with — digitalization.? 
Strangulation of the circulation of the 
bowel also occurs in connection with cer- 
tain types of intestinal obstruction. 

Intestinal necrosis may be the result of 
blunt trauma to the abdomen, possibly due 
to injury of the smaller mesenteric vessels. 
Finally, a necrotizing gastroenterocolitis 
from a virulent infection may accompany 
diabetes or the late stages of debilitating 
diseases. This has been observed especially 
in the lymphomata by Gildenhorn e ai.,3 
sometimes accompanied by abscess forma- 
tion. 

The determination of the presence of in- 
testinal necrosis is of importance since it 
may be a good diagnostic sign of mesenteric 
thrombosis or of the other lesions which 
have been referred to above. Furthermore, 
the prognosis and management of the pa- 
tient will be greatly influenced by the 
knowledge that necrosis is either impending 
or present. 


ROENTGEN SIGNS 


Roentgen signs may be crucial in estab- 
lishing such a diagnosis and in this presen- 
tation we wish to delineate the essential 
features of intestinal necrosis which are 
manifested in simple roentgenograms of the 


abdomen, without artificial contrast ma- 
terial. 

The roentgenologic findings of vascular 
occlusion have been described on many oc- 
casions, but the evidences of necrosis 
secondary to such vascular occlusion have 
only been reported in more recent years. 
The first of these was a report by Wolfe and 
Evans," in 1955, in which they indicated 
the presence of gas in the portal veins as a 
sign of some type of necrotic process occur- 
ring in the gastrointestinal tract. Later 
Susman and Senturia® reported the same 
finding with a discussion of the source of the 
gas in the portal vein. They also discussed 
the differential diagnosis from gas in the 
biliary tract. Wiot and Felson® reported a 
larger series of cases and in several cases 
they also called attention to the presence 
of gas in the intramural portion of the 
bowel demonstrated at autopsy. More re- 
cently, Barrett! has reported similar find- 
ings of gas in the portal circulation as a 
result of mesenteric occlusion. 

In 1963 another sign of intestinal necro- 
sis, that 1s, the presence of gas in the intra- 
mural portion of the bowel as distinct from 
pneumatosis intestinalis was described in 
detail by Schorr,’ who reported 2 cases and 
emphasized the importance of the roentgen 
signs as a diagnostic aid 1n cases of mesen- 
teric occlusion. 

The roentgen findings in mesenteric 
thrombosis or other vascular occlusions in 
the abdomen are variable and often diff- 
cult to interpret. In the early stages the 
most outstanding feature is a disproportion 
between the clinical findings, which are usu- 
ally severe, and the minimal roentgen signs 
exhibited in simple roentgenograms of the 
abdomen without contrast. In fact, the 
presence of such minimal roentgen signs, 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


From the Department of Radiology of the University of California, Los Angeles, California. 
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with relatively little visible gas in the in- 
testinal tract, in the face of a serious ab- 
dominal crisis, should alwavs lead to con- 
sideration of vascular. occlusion. The 
strangulation of the circulation of the bowel 
associated with intestinal obstruction gives 
a fairly striking picture which was described 
by Melins and Rigler? in 1954. The impor- 
tant feature here is the presence of a soli- 
tarv loop of bowel greatly distended with an 
excessive quantity of fluid within it. A simi- 
lar feature can be found in mesenteric 
thrombosis without intestinal obstruction 
(Fig. 1). In this case there is also evidence 
of mucosal edema. As the process ad- 


vances, a generalized distention of the 
bowel takes place. This has been described 
as being confined to the small bowel and 
the proximal colon up to the splenic flexure, 





Fic. 1. Mesenteric thrombosis with eventual intes- 
tinal necrosis. First roentgenogram made 12 hours 
after onset shows 1solated, gas distended loop of 
bowel frequently seen in early stages of mesenteric 
thrombosis or in strangulation obstruction. Arrow 
points to fluid filled loop with some edema of 
mucosa which is also an early sign of mesenteric 
thrombosis before necrosis. 


Roentgen Signs of Intestinal Necrosis 





liG. 2. Mesenteric thrombosis 36 hours after onset. 
There is fluid in the peritoneal cavity as shown by 
the separated gas filled loops of bowel. In the 
right lower quadrant, two small bowel segments 
are shown with narrowed lumina (arrow) and 
wide separation from each other. This combina- 
tion indicates severe edema of the bowel wall, 
suggesting impending necrosis. 


when it is the superior mesenteric artery 
which is occluded. Actually, it is uncom- 
mon to find this characteristic picture, but 
generalized distention of the small bowel is 
frequent with often some signs of colon dis- 
tention as well. A more striking and more 
characteristic sign, and one which is indica- 
tive of impending intestinal necrosis, is the 
presence of several loops of bowel in which 
the lumen is greatly reduced but the wall is 
markedly thickened (Fig. 2). The latter 
can be determined by the separation of the 
remaining loops of bowel from those in- 
volved. The thickening of the bowel wall, 
of course, is due to the edema, congestion, 
and beginning gangrene which is present. 
This sign was first reported by Nelson and 
Eggleston? in 1960. 

With the onset of true necrosis, in which 





Case of mesenteric thrombosis with intestinal 


Fic. 3. 
necrosis. The semilunar, linear area of gas density 
in the wall of the bowel (arrow) is well shown. 


This is characteristic of the sign reported bv 
Schorr, indicating extension of gas from the lu- 
men of the bowel into its wall. 


the mucous membrane is often destroyed 
sufhciently so that a communication be- 
tween the lumen of the bowel and the intra- 
mural tissues is established, a laver of gas 
will appear in the subserosal or intramuscu- 
lar areas of the bowel wall, as first reported 
by Schorr.’ He described this as a crescen- 
tic, linear shadow, the roentgenographic 
density of which is that of gas, outside the 
lumen of the bowel, and exhibiting between 
itself and the gas filled lumen a characteris- 
tic strip of increased density representing 
the bowel wall itself (Fig. 3). Occasionally, 
these shadows are “ring-like,” 
the bowel entirely or semicircular in char- 
acter (Fig. 4). It is important to distinguish 
these lines from the numerous radiable 
areas of little significance such as those 
caused by fat layers between the loops of 
bowel, beneath the liv er, and those which 
occur as a result of the superimposition of 
one distended loop upon another. These 
can be distinguished because they are not 
confined to the bowel wall and are usually 
fairly straight rather than crescentic. They 
must also be differentiated from the ap- 
pearance of pneumoperitoneum, seen in the 
horizontal position, in which both the inner 


surrounding 
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and outer walls of the bowel are visible." 
The gas in the peritoneal cavity is dis- 
tributed fairly evenly between the bowel 
loops throughout the abdomen (Fig. 5). 

Another possible source of error is a re- 
sult of the presence of feces and gas poorly 
mixed within the bowel. Under these cir- 
cumstances, there may be a ring-like sha- 
dow of translucency around an intralumi- 
nal mass. Usually, however, this can be 
distinguished by the marked irregularity of 
the mass and by the fact that the bowel 
wall is clearly seen outside the semicircular 
ring as an area of greater density. 

Intestinal intramural gas from necrosis 
(Fig. 3, and 4) differs sharply from that 
found in pneumatosis intestinalis, which is 
probably of very different origin. In the 
latter, the patient is rarely seriouslv ill in 
contrast to patients with intestinal necro- 
sis. The roentgen shadows are cvstic or 
bubble-like and rarely of the linear charac- 
ter described above. The two terms have 
been used interchangeablv, that is, pneu- 


thrombosis with intestinal 


Mesenteric 

Multiple linear shadows of gas in the 
wall of the bowel (arrows) are well shown along 
with distended loops of bowel. 


FIG. 4 
necrosis. 
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matosis intestinalis and intramural gas for- 
mation, but we believe thev should be 
sharply distinguished. 

Wolt and Marshak'? have described a 
long, linear area of lesser density appearing 
to be in the wall of the colon and occurring 
in patients with toxic megacolon secondary 
to ulcerative colitis. We have seen several 
such cases. The appearance resembles 
somewhat the presence of intramural gas as 
seen in intestinal necrosis but differs in im- 
portant particulars. It is much longer, con- 
hned to the colon, and greater in density 
than intramural gas. We are not certain of 
the origin of this shadow, although Wolf 
and Marshak believe it is a fat line. 

It is possible to demonstrate the breaks 
in the mucosa of the intestine if absorbable 
contrast medium is given by mouth and 
follow-up roentgen examinations are made. 
Usually, this is difficult to do since the pa- 
tient is seriously ill, but in a case, studied 





Fic. 5. 
demonstrated in supine position. Note the visibil- 
ity of both inner and outer walls of the bowel 
(arrows). There is no gas shadow because the gas 
is so uniformly and widely distributed and not 
confined within the bowel wall. 


Pneumoperitoneum from ruptured ulcer 


Roentgen Signs of Intestinal Necrosis 


405 





Fic. 6. Case 1. The segment of necrotic bowel is 
indicated by arrow. The linear and irregular areas 
of gas in the wall of the bowel seen here were 
present on a roentgenogram made 24 hours earlier. 
Just prior to this study, an iodine compound had 
been given by mouth after the introduction of a 
suction tube and the contrast medium is shown 
extending into the small bowel just proximal to 
the area of necrosis. 


by Dr. Stanely Lance, exactly this situation 
pertained (Pig. 6, and 7). 


REPORT OF A CASE 


Case 1. A male aged 56 years, was admitted 
on April 13, 1964 to the Huntington Memorial 
Hospital in Pasadena, California, complaining 
of a sudden attack of severe periumbilical pain 
10 hours before admission, followed by a bout 
of diarrhea, nausea, vomiting, and accompanied 
by continuous pain. The first roentgenogram 
made on April 13, 1964 showed a solitary loop 
of bowel, markedly distended, with a large 
amount of duid within it. Just beneath it 
another loop showed mucosal edema. It was 
thought to represent a “sentinel” loop, reflect- 
ing a nonspecific ileus, possibly the result of an 
acute abdomanal condition. Exploratory lapa- 
rotomy was done, an umbilical hernia was re- 
paired, but mo other evidence of abnormality 
was found. The mesenteric vessels were not 
completely explored but the small bowel was 
carefully inspected. 

The patient remained toxic, developed a 
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Fic. 7. Case 1. This study followed Figure 6 by ap- 
proximately 30 minutes and the contrast material 
has now entered directly into the portion of bowel 
which is necrotic. The intramural lavers of gas 
lying between the lumina of the loops of bowel 
are more clearly delineated because of the greater 
contrast produced by the iodine compound. Ab- 
sorption through the wall of the bowel into the 
circulation occurred very rapidly so that in 30 
minutes the urinary bladder was opacified and 
was demonstrated in roentgenograms. 


minor degree of pneumonia, which cleared up, 
and then began to show evidences of obstruc- 
tion. On April 21 a roentgenogram exhibited 
distended loops of bowel surrounded by irregu- 
lar areas of gas, obviously outside the lumen 
of the bowel, but within the bowel wall. The 
condition of the patient, however, did not seem 
to correspond with so serious a situation as 
intestinal necrosis so that on the following day 
an organic iodine compound was given by 
mouth (Fig. 6). The same findings of gas in the 
wall of the bowel were shown, the contrast 
medium not yet in the necrotic loop. Thirty 
minutes later (Fig. 7) the contrast medium 
had advanced into the necrotic loops. The 
contrast material filling the lumen of the bowel 
accentuated the shadows of the gas in the walls 
of the intestine which were demonstrated as ir- 
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regular linear areas of gas density. Within 30 
minutes, the urinary bladder became moder- 
ately opacified. This seemed to indicate absorp- 
tion through the walls of the bowel at a much 
more rapid rate than could possibly occur in 
the normal. A diagnosis of infarction of the 
bowel was, therefore, made and the patient was 
again explored. At this time the small bowel was 
found to be necrotic, extending from about 3 
inches distal to the ligament of Treitz to the 
mid-portion of the ileum. À small segment of 
the ileum and the entire colon appeared to be 
viable. The mesenteric artery was found to be 
thrombosed. Extens ve resection of the small 
intestine was accomplished but the patient went 
downhill and died 2 days later. The specimen 
removed was reported by the pathologist to 
show gangrene of portions of the small intestine 
with extensive ulceration and inflammation. In 
some areas there was almost complete necrosis 
of the bowel wall, other areas were much less 
involved. The mesentery was indurated and the 
mesenteric veins were thrombosed. 


GAS IN THE PORTAL VEINS 


The final sign of intestinal necrosis is gas 
in the portal veins as reported earlier. 5 * 
This sign is seen clearly in Figure 8, a case 
of mesenteric thrombosis. 

In some cases tke fine linear shadows of 
lesser density within the liver may be difh- 
cult to observe, especially if the roentgeno- 
gram 1s somewhat underexposed. To over- 
come this handicap, Gildenhorn et al’ 
placed their patient in the lateral decubitus 
position (Fig. g) and the gas within the 
portal veins in the liver became far more 
visible. It should be noted that both intra- 
luminal gas and gas in the portal circula- 
tion may be present in the same individual 
or they mav be independent of each other, 
although both originate from the same 
source. Gas has been observed in the mesen- 
teric vessels at autopsy, but in the simple 
roentgenogram of the abdomen it is best 
demonstrated in the portal vein and its in- 
trahepatic branches. 

Gas in the portal veins must be distin- 
guished from gas in the common and intra- 
hepatic biliary ducts resulting from an in- 
ternal biliary fistula or ascending gas form- 
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ing cholangitis. Susman and Senturia? have 
pointed out that the flow of blood in the 
portal vein is toward the periphery so that 
the intrahepatic branches of the portal vein 
may be more visible when filled with gas 
than the major vein itself. Figure 9, a 
lateral decubitus study with the right side 
up, demonstrates this well. The contrary 1s 
true in the case of internal biliary fistula, 
the flow being toward the extrahepatic por- 
tion of the common duct and the gallblad- 
der. In many of these cases, the gallbladder 
will also be seen to contain gas. In others, 
the large size of the common duct, much 
broader than the portal vein, and the lack 
of visualization of the peripheral intra- 
hepatic ducts should make the distinction 
possible. 

There has been considerable discussion 
as to the source of this gas in the portal cir- 
culation. It seems reasonable that the des- 





Fic. 8. Case of mesenteric thrombosis with typical 
signs of gas in the portal circulation. Note the 
linear shadows of gas density which are narrow and 
extend well out to the periphery of the liver, pro- 
ducing multiple roughly parallel lines. There is 
very little gas seen near the medial border of the 
liver in contrast to the finding in internal biliary 
astula in which the major gas shadows are near the 
medial border in the region of the common duct. 
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‘ic. 9. Case of mesenteric thrombosis. The patient 
was put in the lateral decubitus position with the 
right side wp so that the gas in the portal circula- 
tion was displaced to the periphery of the liver. It 
is demonstrated here filling the multiple branches 
of the portal vein. 


truction of the mucosa would permit direct 
entrance of gas from the intestinal lumen 
into the portal circulation. Wiot and Fel- 
son,’ however, believe that it 1s due to gas- 
forming organisms but in our own experi- 
ence we have not been able to isolate such 
organisms. In the cases of diabetes which 
they reported, it is very possible that gas 
forming bacteria were responsible. 
MATERIAL 

We have reviewed in fashion 
some of the acute abdominal cases in 3 hos- 
pitals. Manv roentgenograms of the abdo- 
men made during the acute episode were 
examined and we were surprised to find 14 
cases which exhibited gas, either in the in- 
tramural portion of the bowel, or in the por- 
tal veins o* the liver, or both. Needless to 
sav, many of these observations were retro- 
spective, since the correct diagnosis was not 
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TABLE I 


CASES WITH INTRAMURAL BOWEL OR PORTAL 
VEIN GAS OR BOTH 





Portal s 
I 


M Intramural 
Case “tology 


Bowel Gas Vern Gas 


X Mesenteric Thrombosis 


I X 
2 X Mesenteric Thrombosis 
1 X Direct Trauma 
4 X X . Necrotizing | Gastroen- 
terocolitis 
g X Mesenteric Thrombosis 
b X Mesenteri ic Thrombosis 
J X X . Mesenteric Thrombosis 
8 X Mesenteric Thrombosis 
9 X Mesenteric Thrombosis 
Io X X Strangulation 
Obstruction 
P X Mesenteric Thrombosis 
12 X X  Perforated Ulcer with 
Necrosis 
p X Mesenteric Thrombosis 
l4 X Mesenteric Thrombosis 


made at the time of the acute episode. The 
cases found are listed in detail in Table 1. 
There were 13 cases with gas in the intra- 
mural portion of the bowel and 6 with por- 
tal vein gas. In only t case was there gas in 
the portal veins without evidence of gas in 
the wall of the bowel. Even in this case, the 
evidenc 
the intestinal tract was so extreme that it 
was impossible to be certain of the presence 
of gas outside the lumen of the bowel. How- 
ever, the gas in the portal veins was 
cle P seen. Às might be expected, there 
were 8 cases in which gas could be found in 
the wall of the bowel, but none was ob- 
served in the veins. The varving etiologies 
are listed. The preponderance of mesenteric 
thrombosis as the cause of the intestinal 
necrosis is in accordance with the common 
findings. In 1 case of necrotizing gastro- 
enterocolitis from a severe infection with 
virulent organisms, gas was found both in 
the intestinal wall and in the portal veins 
of the liver. It is notable that Gildenhorn 
et al? found no cases with intramural or 
portal vein gas in the series of necrotiz- 
ing enteritis cases associated with lym- 
phoma which they reported. Untortu- 


and William L. 


eis doubtful since the distention of 
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natelv, the roentgenograms were made 
some time before the final stages of the dis- 
ease. Furthermore, because of the condi- 
tion of the patient, manv of the abdominal 
roentgenograms were unsatisfactory. 

In 1 case, gas in the portal circulation 
was discovered along with evidences of 
retroperitoneal gas, as a result of perfora- 
tion of a gastric ulcer extending into the 
lesser omental sac. Necrosis of the mesen- 
try with open veins into which apparently 
the gas from the perforation extended ex- 
plained this finding. This is the only case 
we have seen, however, in which gas in the 
portal circulation has occurred without ac- 
companving clear-cut evidence of intestinal 
necrosis. 





SUMMARY 


The roentgen signs of impending or ac- 
tual intestinal necrosis have been described. 
The roentgen evidence of intestinal intra- 
mural gas reported by Schorr’ has been en- 
countered in g cases of mesenteric throm- 
bosis, 1 case of perforated gastric ulcer, 1 
case of acute necrotizing gastroenteroco- 
litis, ! case of direct trauma and 1 case of 
strangulation obstruction. We have also ob- 
served gas in the portal circulation in 3 
cases of mesenteric thrombosis, 1 case of 
strangulation obstruction, 1 case of per- 
forated gastric ulcer and 1 case of necrotiz- 
ing gastroenterocolitis. 

The observation of edema of the mucosa 
of the bowel, of marked distention ot a soli- 
tary loop with excessive fluid, and of great 
thickening of the bowel wall w T narrowing 
of the lumen mav well signity impending 
necrosis. The roentgen evidences of gas in 
the bowel wall and/or gas in the portal 
veins are highly significant signs of intesti- 
nal necrosis. 


Leo G. Rigler, M.D. 
Department of Radiology 
University of California 
Los Angeles, California 


We are particularly indebted to Dr. Stanley 
Lance of the Huntington Memorial Hospital, 
Pasadena, California, for the privilege of re- 
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porting Case 1 (Fig. 6 and 7). We are indebted 
to Dr. Hyman Gildenhorn of the City of Hope 
for Figure 9. Figure 1 is from the Cedars of 
Lebanon Hospital, Los Angeles, California, 
Figure 8 from St. Mary’s Hospital, Long Beach, 
California. 
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THE FLUID-FILLED COLON IN ACUTE LARGE 
BOWEL OBSTRUCTION* 


By JOHN R. McIVER, M.B., Cu.B.,t and CONWAY DON, M.B., M.R.C.P., E.F.R.1 
OTTAWA, ONTARIO, CANADA 


HE usual picture of large bowel ob- 

struction on the plain roentgenogram 
of the abdomen is that of gaseous disten- 
tion of the colon extending in a retrograde 
fashion from the point of obstruction to the 
cecum, often with associated gaseous dis- 
tention and fluid levels in the small bowel. 
It is usually possible to determine not only 
the presence of large bowel obstruction, 
but also the level at which the obstruction 
is occurring. There are, however, certain 
sources of error. Occasionally, the plain 
roentgenogram may simulate small bowel 
obstruction with gaseous distention and 
‘fluid levels confined to the small bowel, and 
no distention of the colon. Ulin and col- 
leagues, in a study of 227 patients with 
large bowel obstruction, encountered 8 
with a “history and physical features lead- 
ing to a clinical diagnosis (including radiog- 
raphy) of apparently pure small bowel 
obstruction on admission.” Byrne! en- 
countered 3 such cases in 143 of large bowel 
obstruction, and Kent and Raszkowski 
reported 6 such instances. In these cases, 
the colon roentgenographically appeared to 
be empty; no mention is made of any soft 
tissue shadow of fluid-filled colon. Kent 
and Raszkowski advanced various theories 
to account for this emptiness, including as- 
sociated small bowel obstruction and re- 
versed peristalsis emptying the colon. Wil- 
liams® has recently drawn attention to a 
second source of error, namely, that fluid 
alone may accumulate in the bowel in 
simple obstruction in a similar fashion to 
the accumulation of fluid in a strangulating 
obstruction. There is little or no gas in 
these fluid-distended loops and the supine 
roentgenogram may be considered normal. 
The erect roentgenogram may be con- 


sidered to show minimal abnormality, with 
only a solitary gas-distended loop, unless 
the soft tissue outline of the fluid.filled 
bowel loops is appreciated. He described 
this change as occurring in small bowel ob- 
struction, but he mentioned its occurrence 
In 3 cases of colonic obstruction. 

We have in the last 18 months encoun- 
tered 6 cases illustrating another source of 
possible error, in taat there may be fluid 
accumulation in the colon proximal to the 
point of obstruction, extending in a retro- 
grade fashion possibly as far as the cecum, 
with gaseous distention of the bowel proxi- 
ma] to the fluid-filled loops. On the plain 
roentgenograms of the abdomen, there- 
fore, the marked gaseous distention sug- 
gests intestinal obstruction, but unless the 
soft tissue outline of the fluid-filled colon is 
appreciated, the point of obstruction is er- 
roneously placed at the level of the termi- 
nation of the gaseous distention. This phe- 
nomenon has received little attention 
hitherto in the literature. Frimann-Dahl? 
makes passing mertion of the fact that in 
obstruction of the transverse colon, the 
cecum and ascending colon may be dis- 
tended by fluid alone in this fashion, pro- 
ducing a soft tissue shadow without gase- 
ous distention. Williams? also draws atten- 
tion to the phenomenon of accumulation of 
fluid proximal to an obstruction of the right 
half of the colon with gaseous distention 
confined to the small bowel and the roent- 
genologic picture therefore suggesting small 
bowel obstruction. The 6 cases that we are 
reporting are of irterest not only in that 
they illustrate this phenomenon of fluid- 
filling of the colon with air distention of 
bowel proximal to the fluid-filled loops, but 
also that in all these cases, the obstruction 


* Presented at the Carleton Peirce Testimonial Convention, Montreal, Quebec, May 25, 1964. 
t Department of Radiology, Ottawa Civic Hospital, Ottawa, Ontario, Canada. 
t Departments of Radiology, Ottawa General Hospital and University of Ottawa, Ottawa, Ontario, Canada. 
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occurred in the distal colon. In 2 cases the 
gaseous distention was confined to the small 
bowel, suggesting small bowel obstruction. 
In the other 4, the gaseous distention in- 
volved the colon, but the level of termina- 
tion of the distention suggested obstruction 
at the wrong level. 


REPORT OF CASES 


Case 1. This 46 year old female was admitted 
wath a history of chronic constipation for 12 
vears, and progressive colicky abdominal pain, 
nausea and absolute constipation for $ days. 

A supine roentgenogram of the abdomen 
(lig. 1.7) showed considerable gascous disten- 
tion of the cecum and ascending colon and of a 
remarkably redundant transverse colon. The 
g:iseous distention abruptly at the 
splenic flexure. There was a little scattered air 
in the small bowel. The distribution of gas sug- 
gested an obstruction at the splenic flexure, but 
the soft tissue shadow of fluid-filled descending 


ended 


colon could be seen extending down into the 
pelvis. Àn erect roentgenogram showed a sim- 
ilar distribution of gas with fluid levels in the 
ascending and transverse colon, but no fluid 
level in the splenic Hexure or descending colon. 
The soft tissue outline of the fluid-filled de- 
scending colon could again be clearly made out. 

An emergency barium enema study was 
performed, and this revealed a malignant ob- 
struction of the distal sigmoid colon. A certain 
amount of barium passed beyond the obstruc- 
tien, and this showed even more clearly the ex- 
tent of the fluid-filled loop visible on the plain 
roentgenograms (Fig. 1B). 

At subsequent operation, an annular adeno- 
carcinoma was found constricting the sigmoid 


colon. 


Case ri. This 62 year old woman was admit- 
tel with a history of crampy abdominal pain 
ani absolute constipation for 3 days, and with 
vomiting for 24 hours. 

The supine roentgenogram of the abdomen 
on admission (Fig. 24) showed a moderate 
gaseous distention of the distal small bowel and 
gross distention of the cecum, ascending colon 
amd transverse colon ending sharply at the 
splenic flexure and suggesting obstruction at 
this level. The soft tissue outline, however, of 
the fluid-filled descending colon could be seen 
running from the splenic flexure down to the 
rim of the true pelvis. An erect roentgenogram 


Acute Large Bowel Obstruction 


411 





^" M d 


l'1G. 1. Case r. Carcinoma of sigmoid colon. (4) Su- 
pine roentzenogram showing gaseous distention 
suggesting obstruction at the splenic flexure. Soft 
tissue outlme of fluid-filled descending colon ( —). 
(B) Supine roentgenogram after barium enema. 
Fluid-filled descending colon opacified by barium. 


(Fig. 28) showed a similar distribution of in- 
testinal gas with fluid levels, except that some 
gas had now been displaced into the upper de- 
scending colon with a fluid level below it. The 
soft tissue outline of the fluid-filled descending 
colon could again be seen. 





Fic. 2. Case rr. Carcinoma at junction of sigmoid and 


descending colon. (4) Supine 
showing gaseous distention suggesting obstruction 
at splenic flexure. Soft tissue outline of fluid-filled 
descending colon (+). (B) Erect roentgenogram. 
Fluid level in upper descending colon. Soft tissue 
shadow of descending colon is still visible. 


roentgenogram 
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The gaseous distention on the supine roent- 
genogram in this case would suggest obstruc- 
tion at the splenic flexure, but the erect roent- 
genogram would indicate obstruction at a lower 
level. The shadow of the fluid-filled colon, how- 
ever, would give strong indication of obstruc- 
tion in the pelvic colon, and a barium enema 
study showed an obstructing carcinoma in the 
pelvis, at the junction of sigmoid colon with 
descending colon. This finding was confirmed at 
surgery. 


Case rir. This 41 year old man was admitted 
with a 2 day history of crampy abdominal pain 
and constipation, and with nausea for 24 hours. 

A supine roentgenogram of the abdomen 
(Fig. 3) showed some gas in the right half of 
the transverse colon, but nowhere else in the 
colon, and a marked gaseous distention of the 
jejunum with a little air in the ileum. The 
distribution of gas suggested a partial small 
bowel obstruction, but the soft tissue outline 
of fluid-distended ascending and descending 
colon could be seen in both flanks, on the left 
side extending down into the true pelvis. An 
erect roentgenogram showed considerable gas- 
eous distention with fluid levels in the jejunum 





Fıc. 3. Case ur. Carcinoma at Junction of descending 
and sigmoid colon. Supine roentgenogram sug- 
gesting small bowel o»struction, although there is 
air in the right transverse colon. Bilateral soft 
tissue masses of fluid-alled ascending and descend- 
ing colon (— —). 
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and to a lesser extent in the ileum with an air- 
fluid level in the hepatic flexure, but no air- 
find elsewhere in the colon. The soft tissue out- 
lime of the fluid-filled descending colon could 
again be well made out. 

A barium enema study showed a malignant 
obstruction at the junction of the descending 
and the sigmoid colon, and at operation, an 
annular carcinoma was found. 


CasE 1v. This 40 year old female was ad- 
mitted with a vague history of some difficultv 
in defecation for the past 2 months, and nausea, 
vomiting and absolute constipation for 48 
heurs. 

A supine roentgenogram of the abdomen (Fig. 
4) showed a considerable gaseous distention of 
the small bowel, particularly of the jejunum, 
but no distention of the colon. There was prob- 
ably some air in the hepatic Hexure. The appear- 
ance suggested a small bowel obstruction, but 
the soft tissue outline of both fluid-distended 
ascending and descending colon could be made 
out. An erect roentgenogram showed multiple 
air-Huid levels in the small bowel; there was 
some air in the transverse colon, which was 
overlain by air-filled small bowel loops. 

This patient was submitted to surgery with- 
out a preliminary barium enema study, and an 
adenocarcinoma was found obstructing the 
bowel at the junction of descending and sigmoid 
colon. 


Case v. This 39 year old female was admitted 
with a history of attacks of colicky abdominal 
pain for I year, increasing constipation for 3 
weeks, and absolute constipation, abdominal 
pain, distention and vomiting for 24 hours. 

A supine roentgenogram of the abdomen 
(Fig. 54) showed a moderate gaseous disten- 
tion of the small bowel with considerable dis- 
tention of the cecum and ascending colon and a 
less marked distention of the proximal two- 
thirds of the transverse colon. The transverse 
colon was redundant and took a long loop 
towards the pelvis. There was no distention of 
the distal third of the transverse colon, and no 
air could be seen in the descending colon. The 
appearance suggested an obstruction of the 
transverse colon, but the soft tissue shadow of 
the fluid-filled colon could be made out extend- 
ing into the pelvic bowl. 

An erect roentgenogram (Fig. 58) showed 
similar distention with fluid levels in the small 
bowel and proximal colon, with, in addition, 
an air-Huid level in the splenic flexure. An 
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l'1G. 4. Case iv. Carcinoma at junction of descending 
and sigmor colon. Supine roentgenogram suggests 
a small bewel obstruction. Some air in hepatic 
Hexure. Bilateral soft tissue masses of fluid-filled 
ascending and descending colon (— —). 


emergency barium enema study showed a 
malignant obstruction at the apex of the sig- 
moid loop and at operation an annular adeno- 
carcinoma was found at this site. 


Case vi. This $1 year old female was ad- 
mitted with a 2 day history of colicky abdom- 
inal pain and absolute constipation. A supine 
roentgenogram (Fig. 64) showed scattered air 
in the small bowel, with marked gaseous disten- 
tion of the cecum and colon terminating 
abruptly at che splenic flexure. The appearance 
was suggestive of obstruction at the splenic 
flexure, but the soft tissue outline of descending 
colon extending into the pelvis could be seen. 

An erect soentgenogram (Fig. 6B) showed a 
similar distribution of gas, with an air-Huid 
level in the proximal limb of the splenic flexure. 
The soft tissue outline of the descending colon 
could, however, again be made out. A barium 
enema study showed a malignant obstruction 
of the proximal sigmoid colon and at operation 
an adenocarcinoma was found. 


CONCLUSION 


In many centers, the routine initial 
examination in cases of suspected intestinal 
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Fic. 5. Case v. Carcinoma at apex of sigmoid loop. 
(4) Supine roentgenogram suggesting obstruction 


of distal transverse colon. Soft tissue mass of 


fluid-filled descending colon ( —). (B) Erect roent- 
genogram. Fluid level in splenic flexure. Fluid- 
filled descending colon again visible. 








Fic. 6. Case vi. Carcinoma of proximal sigmoid 
colon. (4) Supine -oentgenogram suggesting ob- 
struction at splenic flexure.  Fluid-distended 
descending colon (—). (B) Erect roentgenogram. 
Fluid-filled descend ng colon again visible ( —). 
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obstruction consists of a supine and an 
erect roentgenogram of the abdomen. The 6 
cases presented here would suggest that in 


those instances where the termination of 


the gaseous distention is misleading, the 
supine roentgenogram alone may well give 
strong indication of the actual level of ob- 
struction in the distal colon, if the sign of 
the fluid-filled colon is appreciated and 
looked for. If the examination is supple- 
mented by an erect roentgenogram, little 
further information is provided as to the 
level of obstruction in those cases in which 
the gaseous distention is confined to the 
small bowel; in those with air in the proxi- 
mal colon, the appearance of a fluid level in 
the upper descending colon together with 
the persistence of the soft tissue mass of the 
fluid-filled descending colon will add to the 
suspicion of the distal colonic obstruction. 
It seems unlikelv that left lateral decubitus 
roentgenograms with a horizontal ray will 
contribute further information; thev were 
pertormed in only 2 cases of the present 
series and were noncontributory. rn In those 
cases where gaseous distention is confined 
to the small bowel, it is unlikely that a 
right lateral decubitus roentgenogram 
would help, but in those with gaseous dis- 
tention extending to the splenic flexure, it 
is likely that a right lateral decubitus 
roentgenogram would show a_ horizontal 
fluid level in the descending colon. The 
chief value of this sign would, therefore, 
seem to lie in those cases mimicking site) 
bowel obstruction, and in those cases of 
misleading gaseous distention of the colon 
where no right lateral decubitus roentgeno- 
gram 1s available. 


Acute Large Bowel Obstruction 


415 


SUMMARY 


Six cases of obstruction of the distal colon 
are presented in which plain roentgeno- 
grams showed gaseous distention of the 
bowel terminating well proximal to the 
point of obstruction of the colon, in 2 cases 
the gaseous distention being almost en- 
tirely confined to the small bowel and mim- 
icking small bowel obstruction. This is 
shown to be due to distention of the colon 
immediately proximal to the obstruction by 
fluid rather than by air. Unless the appear- 
ance of the soft tissue mass of the fluid- 
filled colon is appreciated, the level of the 
obstruction is liable to be misdiagnosed 
roentgenologically. 


John R. McIver, M.B., Ch.B. 
Department ef Radiology 
Ottawa Civic Hospital 

1053 Carling Avenue 

Ottawa, Ontario 
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ABDOMINAL AORTIC AND ILIAC GRAFT FISTULAE* 
UNUSUAL ROENTGENOGRAPHIC FINDINGS 


By ERNEST J. FERRIS, M.D., 


MARTA R. SZEGO KOLTAY, M.D., 


" OSCAR P. KOLTAY, M.D., and FARAG D. SCIAMMAS, M.D. 


BOSTON, MASSACH USETTS 


RAFT replacement for abdominal 

aneurysms is not an uncommon proce- 
dure. DeBakey et al? recently reported a 
follow-up study of 1,719 such cases. 

Varying incidences of graft failures have 
been reported by different authors. Vasko 
and his co-workers!’ had 6 failures out 
of 123 patients, due to rupture of the 
graft or recurrent aneurysm. Crawford 
el al.) in a review of the experience at Bay- 
lor, reported 6 aorto-duodenal fistulae in 
638 cases of abdominal aortic grafts. Alto- 
gether, there have been £6 cases of ab- 
dominal aortic graft-intestinal fistulae re- 
ported in the world literature." Forty-five 
were aortoduodenal fistulae and 11 oc- 
curred in the jejunum or ileum. According 
to Harrison,” infection at the suture line is 
the cause of most graft failures. Further- 
more, the predilection of graft rupture as 
well as aneurysm rupture for the third por- 
tion of the duodenum is probably related 
to the immobility of this segment, thus 
facilitating erosion by constant pulsatile 
pressure at a stationary part. 

Survival after graft rupture into the in- 
testine is unusual. Erskine e a/? in their 
review of the literature up to 1960, found 
only 4 survivors of 24 reported cases. In 
19:8, MacKenzie and his colleagues" re- 
ported the first case of survival after resec- 
tion of an infected homograft with rupture 
into the gastrointestinal tract. Numerous 
reports have appeared in the literature con- 
cerning repair of graft-intestinal fistulae." 

While the clinical symptomatology of 
rupture at the anastomotic site is well 
known (triad of shock, pain, and palpable 
mass), there has been very little in the 
literature concerning the roentgenographic 
findings of graft-intestinal fistula forma- 


tion. Therefore, 3 cases of graft-intestinal 
fistulae are reported with emphasis on 3 
different roentgenographic findings. 


REPORT OF CASES 

Case 1. Boston City Hospital #60817. S.O., a 
42 year old male with a history of graft replace- 
ment (teflon) of the mid-abdominal aorta, 2 
years prior to admission, entered the hospital 
with massive gastrointestinal bleeding. 

Roentgenographic Findings. An upper gastro- 
intestinal series demonstrated a compression 
defect of the third portion of the duodenum 
(Fig. 1). The right anterior oblique study 
showed a streak of barium conforming to the 
wall of the graft (Fig. 2 and 3). The lace-like 
pattern of the tubular graft was apparent. 

Course. At surgery, a pin-point fistula was 
found between the duodenum and the aortic 
graft at the site of graft-vessel anastomosis. No 
infection was noted. Since complete replace- 
ment of the graft was not felt to be indicated, a 
mobilization patch procedure was performed. 
The patient recovered, but recurrence of a 
fistula 3 months later necessitated replacement 
of the entire graft. At this time, the patient 1s 
asymptomatic. 


Comment. Considering the history in this 
case, as well as the roentgenologic findings, 
it is difficult to consider an alternative diag- 
nosis. A fistula or long sinus tract from a 
perforated duodenum would be a remote 
possibility. Of interest was the unique ap- 
pearance of the barium around the graft. 
This collection disappeared in 24 hours. Its 
initial persistence and lack of free flow 
were probably due to a sinus tract from the 
duodenum to the fibrous sheath of the 
graft, rather than to a true fistula. There 
was no evidence of barium in the graft 
when it was resected some 3 months later. 
In this case, the graft dilated at the graft- 


* From The Department of Radiology, Boston University School of Medicine, Boston City Hospital, Boston, Massachusetts. 
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vessel suture site, but there was no evi- 
dence of infection. 


Case 11. Boston City Hospital #60838. P.K., 
a 63 year old male, entered the hospital with 
acute massive gastrointestinal bleeding. There 
was a history of a peptic ulcer and a gastro- 
jejunostomy approximately 10 years ago. 
Eighteen months previously, a graft was in- 
serted for a large mid-abdominal aortic aneu- 
rysm. 

Roentgenographic Findings. An upper gastro- 
intestinal series showed incomplete obstruction 
of the duodenum at the junction of the third 
and fourth portion with dilatation proximally 
(Fi. 4). 

Course. The patient's shock could not be 
controlled and he expired before surgery could 
be attempted. At postmortem examination, 





Iig. 2. Case 1. Roentgenogram in the right anterior 
oblique projection clearly demonstrates the tubu- 
lar graft outlined with barium (arrows). 


aps 


1 


i 
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Fs. 1. Case 1. Upper gastrointestinal study shows 
compression at the third portion of the duodenum 
(arrow). The markedly dilated small bowel may be 
secondary to vascular insufficiency. 


ore 
777, 


Fic. 3. Case 1. Anteroposterior roentgenogram shows 
the outlined graft overlying the lower lumbar 
spine (arrows). 
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the graft was noted to have ruptured into the 
ducdenum at the site of vascular-graft anasto- 
mosis. Microscopic sections showed foci of 
inflammation, but cultures for bacteria were 
negative. 


Comment. À similar cut-off at the third 
and fourth portion of the duodenum can be 
seer in vascular mesenteric root compres- 
sion, pancreatitis and peptic ulcer disease. 
In ‘his particular case, we were unable to 
determine the exact etiology of the dilated 
proximal duodenal loop. The gastrojejun- 
ostomy, it would seem, functioned as an 
overflow valve, thereby preventing marked 
obstruction. 





liG. 4. Case rr. Upper gastrointestinal study shows in Case mr. Boston City Hospital #2018208, 
the anteroposterior projection a sharp cut-off at T.L.. a £o year old white male, had an ilio- 
the third portion of the duodenum (arrows). The — femcral bypass graft operation in April, 1962, 
radiolucent mottling in the stomach is probably for left iliac occlusive disease. He did well until 
due to blood clot. Note the gastrojejunostomy May, 1964, when he developed an aneurysm in 
functioning as an overflow valve in this particular l 
case. 


the graft at the femoral junction. This was re- 
paired with a dacron patch. However, sepsis 
deve oped at the patch site with ultimate for- 
mation of an abscess in the left groin. At sur- 
gery. the noted breakdown of the graft neces- 





liG. 5. Case 11. Barium enema study shows a soft 
tissue mass in the pelvis with a pressure deformity 
of the sigmoid colon. The barium filled iliac graft 
Is seen communicating with the sigmoid colon Fi. 6. Case m1. Close-up view of Figure 5 shows the 
(arrow). iliac graft fistula to better advantage (arrows). 
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sitated its ligation at the proximal portion with 
an above the knee amputation. A drain was in- 
serted into the abscess site. Some 3 days later, 
after a stormy febrile course, fecal material was 
noted at the abscess site with free drainage. 

Roentgenographic Findings. A barium enema 
examination showed opaque material in the iliac 
bypass graft on the left (Fig. § and 6). There 
was an associated pelvic mass with stretching 
and displacement of the sigmoid colon. 

Course. Colostomy was done, but no further 
pelvic surgery was performed. It appears that 
the infection of the graft was the etiology of the 
fistula here. 


Comment. The roentgenographic picture 
in this case was considered to be unique. 
Certainlv, the absence of flow into the in- 
ferior vena cava and resultant barium pul- 
monary emboli rule out sigmoid vein fistula. 
The caliber of the tubular collection and its 
flow distally militate sufficiently against a 
colonic-lymphatic fistula. The tubular col- 
lection demonstrated on roentgenograms 
does not resemble a nonspecific groin fis- 


tula. 


DISCUSSION 


Although rupture of grafts into the intes- 
tine is a well known occurrence, the roent- 
genographic findings are less well known. 
The 3 cases described represent different 
facets of the same process. 

In Case 1, the streak of barium was, we 
presume, in the fibrous covering of the 
aorta. This would seem to be a reliable sign 
of graft-duodenal fistula formation. How- 
ever, in this particular case, the lack of tree 
lumen (graft) communication 1s diagnostic 
of a sinus tract rather than a true fistula. 

In Case 11, the pressure deformity on the 
third portion of the duodenum 1s a common 
sign of abdominal aneurvsm.' However, 
complete or even partial obstruction is 
unusual, only 8 cases having been re- 
ported .*:6:11.14.15.17,20 "The roentgenographic 
picture of pressure deformity of the third 
portion of the duodenum in our case mim- 
ics the partially obstructive duodenal 
adherence of an aneurysm. The clinical 
history and roentgenographic findings seem 
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to point toward graft adherence with or 
without rupture. 

In Case 111, we feel that the circum- 
stances surrounding the occurrence of the 
graft-colonic fistula are unusual. We are 
aware of only 2 aneurysm ruptures into the 
colon,’ 2 amd were unable to find a report of 
a graft-colonic fistula in the literature. We 
believe that our case is unique. It:s difficult 
to suggest any differential diagnosis in this 
case in view of the described roentgeno- 
graphic picture. Ureter, vein, lymphatic, or 
nonspecific fistulae have already been com- 
mented upon. 

With the number of vascular graft re- 
placements being performed today, we teel 
that awareness of the described findings 1s 
of value in the roentgenographic diagnosis. 


SUMMARY 

Three cases of graft-intestinal fistulae 
are reported. The roentgen findings are: 
opaque medium in the fibrous sheath, pres- 
sure erosion with fistula tormation, and 
partial obstruction of the third portion of 
the duodemum, as well as a sigmoid fistula. 

Familiarity with these findings may be of 
value in the roentgenographic diagnosis of 
vascular graft-intestinal fistulae. Prompt 
and correct detection of such fistulae 
should reduce the mortality rate in these 
cases. 
Ernest J. Ferris, M.D. 
Boston University School of Medicine 


Boston City Hospital 
Boston, Massachusetts 


REFERENCES 


I. Crawrorp, E. S., DeBakey, M. E., Morris, 
G. C., Jr., and Garrett, E. Evaluation of late 
failures after reconstructive operations for oc- 
clusive lesions of aorta, and iliac, femoral, and 
popliteal arteries. Surgery, 1960, 47, 79-104. 

2. DeBaxey, M. E., Crawrorp, S., Coorev, D. A., 
Morras, G. C., JR; RavsrEn, T. S., and Ap- 
BOTT, W. P. Aneurysm of abdominal aorta: 
analysis of results of graft replacement therapy 
one to eleven years after operation. nn. 
Surg., 1964, 160, 622-642. 

3. Desipertio, V. C., KowNackr, V., and WILson, 
W. L. Partial duodenal obstruction from ab- 


2 


420 


dominal aneurysm with hypochloremic alkalo- 
sis and azotemia. Gastroenterology, 1959, 37, 
366-769. 

4. DeWeese, M. S., and Fry, W. S. Small-bowel 
erosion following aortic resection. 7.,f. M. 4, 
1962, 179, 882—886. 

5. Ersxine, J. M., Tuosuiuskv, M., and WiLsoN, 
J. L. Rupture of aortic homografts into small 
intestine. /fnn. Surg., 1960, 152, 991—997. 

6, EupzL, F., and Péquienor, H. Sténose pylorique 
par pseudo-tumeur inflammatoire périgas- 
trique et anévrysme de l'aorte abdominale. 
Arch, mal. app. digest., 1958, 47, 866-872. 

7. Foster, J. H., and Verro, R. M. Aortic intra- 
aneurysmal abscess caused by sigmoid-aortic 
fistula. dm. 7. Surg., 1962, 104, 850-854. 

8. Garrett, H. E., Beart, A. C, JR, JORDAN, 
G. L., JR., and DEBakzv, M. E. Surgical con- 
siderations of massive gastrointestinal tract 
hemorrhage caused by aortoduodenal fistula. 
Am. F. Surg., 1963, 105, 6-12. 

9. Grysxa, P. F., WHEELER, C. G., and LINTON, 
R. R. Review of seven years’ experience with 
excision and graft replacement in 150 ruptured 
and unruptured aneurysms of abdominal 
aorta. New England J. Med., 1961, 264, 639- 
641. 

10. Harrison, J. H. Influence of infection on homo- 
grafts and synthetic (teflon) grafts. 4.M.2. 
Arch. Surg., 1958, 76, 67-73. 

rI. Javip, H., Dye, W. S., Grove, W. J., and 
Juran, O. C. Resection of ruptured aneu- 
rysms of abdominal aorta. Ann. Surg., 1955, 


142, 613-623. 


Ferris, Szegó, Koltay, Koltay and Sciammas 


Jowz, 1965 


12. MacnaETH, R. A. Rupture of abdominal aneu- 
rysms into gastrointestinal tract. Canad. 7. 
Surg. 1962 5, 372-378. 

13. MacKzuzrs, R. J., BueELL, A. H., and Pearson, 
S. C. Aneurysm of aortic homograft with rup- 
ture into duodenum. 4.M.d. Arch. Surg., 
1958, 77, 965-969. 

14. Mancorzs, J. S., and Orsen, P. A. Duodenal 
obstruction from abdominal aortic aneurysm: 
report of case. /f.M./f. Arch. Surg., 1959, 78, 
591—592. 

15. Oster, W. Aneurysm of abdominal aorta. Lan- 
cef, 1905, 2, 1089-1096. 

16. SONDHEIMER, F. K., and STEINBERG, I. Gastro- 
intestinal manifestations of abdominal aortic 
aneurysms, Am. J. RorNTorENOoL, Rap. 
THERAPY & Nuciear MED., 1964, 92, 1110- 
1122. 

17. SPisHARNY, J. K. Chronischer Ileus, bedingt 
durch Verengerung des Zwolffingerdarmes im 
Gebiete der Plica duodenojejunalis. Zentralbl. 
Chir., 1907, 345 574—576. 

18. Sprout, G. Rupture of infected aortic graft into 
jejunum: resection and survival. 7.4.44.2., 
1962, 782, 1118-1120. 

I9. Vasko, J. S., Spencer, F. C., and Baunson, 
H. T. Aneurysm of aorta treated by excision: 
review of 237 cases followed up to seven years. 
Am. F. Surg., 1963, 105, 793-801. 

20. WASRBURN, R. N., and Wirsun, D. L. Obstruc- 
tion of duodenum produced by aneurysm of 
abdominal ao-ta. Proc. Staff Meet. Mayo Clin., 
1936, 11, 673-677. 


Vot. 94, No. 2 


PROSTATIC CARCINOMA INVOLVING THE 


RECTUM 


AND SIGMOID COLON* 


By JOSHUA A. BECKER, M.D.f 


PHILADELPHIA, PENNSYLVANIA 


Coe of the prostate can ex- 
tend posteriorly and involve the rec- 
tum to such an extent as to simulate pri- 
mary rectal and sigmoid disease on phvsical 
and roentgen examinations. The differen- 
tiation of this rectal involvement by prosta- 
tic carcinoma from that of primary colon 
carcinoma is essential, since the therapy is 
quite different for the two entities: the rec- 
tal carcinoma may require an abdomino- 
perineal resection; the invasive prostatic 
carcinoma 1s treated by orchiectomy and/or 
hormone therapy. Extensive prostatic car- 
cmmoma 1s not considered a "surgical lesion" 
smce it is generally beyond the realm of 
tetal excision by radical surgery and, there- 
fere, is treated by chemotherapy. An exten- 
sive surgical procedure performed in the 
case of an erroneous diagnosis of “rectal 
cancer" 1s unfortunate, and offers no hope 
at salvage from an extensive malignancy 
that is already metastatic. 


STAGING 


Clinically, the involvement of the colon 
is divided into 3 tvpes:? 

i. dn anterior rectal mass (Fig. 1.4). 
There is an anterior tumor mass starting in 
the site of the prostate gland and frequently 
extending proximally. The over-all size of 
the mass may not be appreciated by palpa- 
tion. The passage of the sigmoidoscope is 
commonly obstructed by the mass on the 
anterior wall of the colon. The rectal mu- 
cosa 1s not involved by the malignant in- 
vasion, but may be edematous. The patient 
may have symptoms of bloody or mucoid 
diarrhea, and a change in bowel habits as- 
sociated with the narrowing of the rectal 
lumen does occur. 

2. An annular rectal stricture (Fig. 1B). 


E B C 


lic. 1. (4) The anterior mass is a direct posterior 
extension of the prostatic carcinoma. The mucosa 
is intact. (5) The stricture is annular and may ex- 
tend proximally to involve the sigmoid. As in 4, 
the mucosa is intact. (C) The anterior mass has 
invaded the bowel mucosa. Ulceration is frequent. 
(Adapted from Davis? with permission of the 
Livingstone Company.) 


The rectum is stenosed circumferentially 
and, as in Type 1, there is no evidence of 
mucosal invasion. Here also, endoscopy 
may show the mucosa to be edematous. 
The area of involvement is usually long and 
the margins of the involved colon are 
tapered. Constipation is a common com- 
plaint and obstipation may occur. 

3. An anterior rectal mass and ulcer (Fig. 
IC). In addition to a tumor mass, the 
mucosa im this instance 1s invaded by the 
neoplastic extension and ulceration is 
present. This lesion is the most similar in 
appearance to primary rectal carcinoma. 


CLINICAL PATHOLOGIC FEATURES 


Twenty per cent of males with prostatism 
have carcinoma of the prostate, indepen- 
dent of age.* It has been found at autopsy 
that 20 to 25 per cent of males over 50 years 
of age have carcinoma of the prostate," 
irrespective of clinical findings, and post- 
mortem examination shows that approxi- 
mately 14 per cent of the carcinomas of the 
prostate have extended posteriorly in varv- 
ing degrees to involve the rectum.? Car- 


* From the Department of Radiology, Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania. 


f Scholar in Radiologic Research of the James Picker Foundation. 
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TABLE I 
INCIDENCE OF COLON INVOLVEMENT IN 
CARCINOMA OF THE PROSTATE 
Total Colon š 
Sar Per 
No. of Involve- s 
à Cent 
Cases ment 
Graves and Militzer> 120 5 4.3 
kickham? 132 I2 9. I 
Young? 800 12 TE 
Arnheim! 176 I] 6.3 
Winter! 150 13 8.7 
Winter? 224 26 11.5 
Becker 234 I1 h 


cinoma of the prostate develops in the pos- 
terior segment of the gland in 75 to 80 per 
cent of the cases.” Histologically, the tumor, 
even when a few millimeters in size, invades 
the capsule." This may well explain why 
such a high percentage of patients with 
carcinoma of the prostate have incurable 
disease when first seen. 

Three courses of growth after the exten- 
sion through the prostatic capsule mav oc- 
cur, corresponding to the clinical stages. 
After the posterior breeching of the cap- 
sule, the tumor apparently encounters 
little resistance from Denonvilliers fascia 
(a fascial plane between the prostate and 
rectum). There is no peritoneum between 
the rectum and prostate. A localized tumor 
mass may extend directly posterior to the 
prostate and, therefore, an anterior rectal 
mass is found. The rectum is not invaded 
and is only displaced posteriorly. A second 
and alternative course is the circumferen- 
tial stricture. This occurs because the 
metastatic path to direct mucosal invasion 
is blocked. A possible explanation is the 
fact that Denonvilliers’ fascia consists of 2 
lavers. Penetration of the periprostatic 
layer is easy and occurs early; once in the 
potential space between the 2 lavers, it 
may be easier for the tumor to spread 
laterally and encircle the bowel than to 
penetrate the second, prerectal laver, and 
invade the colon directly. With extensive 
involvement, the malignancy will obstruct 
the colon; complete obstruction may neces- 
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sitate an emergency colostomy.’ The third 
alternative route is spread through the pre- 
rectal Denonvilliers’ fascia into the bowel 
wall. This is quite rare. Since the mucosa 
becomes involved, an ulcer of the colon 
occurs frequently. 


MATERIAL 


Taree hundred and thirty-four patients 
were admitted to Temple University Hos- 
pital in a 10 year period from 1954 to 1963 
with a histologic diagnosis of prostatic car- 
cinoma made during their hospitalization. 
Eleven of these patients were found to have 
colon involvement. This incidence of 3.5 
per cent is low in comparison to previously 
reported studies (Table 1). Our patients 
with prostatic carcinoma were not rou- 
tinel» evaluated for rectal involvement, as 
they were in the series reported by Winter.!! 
This may explain the low incidence, since 
some of the patients mav not have had 
coloric symptoms. Ten of the 11 patients 
had symptoms referable to the urinary 
tract or colon. Thus, the colon was exam- 
ined either with a sigmoidoscope or barium 
enema studies, or both. The findings, in 
general, were quite advanced in the colon. 
A small mass lesion of the colon rarely pro- 
duced symptoms, since the rectal mucosa is 
not involved in a great majority of cases. 
Therefore, only advanced colon involve- 
ment causing obstruction symptoms would 
draw the attention of the clinician to the 
colon. Only with a mass of significant size 
did the patient complain of change in bowel 
habits, such as constipation. None of the 
patients in this series complained of diar- 
rhea or rectal bleeding secondary to malig- 
nant colon involvement. 


ANTERIOR RECTAL MASS 


Of the 11 patients, 30 per cent presented 
with an anterior rectal mass. Two of the 
lesions were small in size and were only dis- 
covered as part of the clinical evaluation of 
the patient. 


Case 1. This 63 year old male was first seen at 
Tempe University Hospital in August of 1962 


Vor. 94 , No. 2 


with the chief complaint of pain in the base of 
the spine. There were no significant symptoms 
referable to the gastrointestinal tract. The rec- 
tal examination demonstrated a hard prostate 
gland with a probable mass in its left lobe. 
laboratory examination revealed an acid phos- 
phatase of 35.5 King-Armstrong units and an 
alkaline phosphatase of 21.5 King-Armstrong 
units. Roentgen examinations revealed a nor- 
mal intravenous urogram, and diffuse meta- 
static lesions of the spine. A small anterior 
rectal mass was demonstrated on barium enema 
examination (Fig. 2). The patient was treated 
by a transurethral resection, orchiectomy, and 
with stilbesterol. He was discharged from the 
hospital and returned 4 months later with severe 
headaches, nausea and vomiting of recent on- 
set. At this time the rectal examination revealed 
a prostate gland which was tender and enlarged. 
The acid phosphatase was 3.1 King-Armstrong 
umits and the alkaline phosphatase 13.9 King- 
Armstrong units. The patient was treated 
symptomatically and discharged. No further 
follow-up is available. 





Pic. 2, Case t. 
effect is present. This is best demonstrated with 
the patient prone and a horizontal roentgen-ray 
beam used for the exposure. 


A small anterior extrinsic pressure 


Prostatic Carcinoma 





Fic. 3. The small prostatic mass, similar to that in 
ligure 2, is the result of benign prostatic hyper- 
trophy. The small anterior mass should suggest 
the possibility of a prostatic carcinoma (since 
rectal findings are uncommon in benign hyper- 
plasia) but is in no way diagnostic of such. 


The pathologic significance of a small 
anterior rectal mass is not definite. In the 
usual lateral projection and, especially, 
with a prone horizontal beam lateral 
roentgenogram, a small extrinsic pressure 
effect upon the rectum can be seen in benign 
prostatic hypertrophy. A patient with this 
diagnosis (Fig. 3) demonstrated an appear- 
ance of the anterior rectal mass similar to 
that of the patient reported above. Al- 
though only a transurethral resection was 
done in this instance and the entire pros- 
tate was not removed, it is felt that an ex- 
tensive process producing rectal findings 
would have invaded anteriorly, so that on 
transurethral resection, sufficient prostatic 
tissue would be obtained to confirm or ex- 
clude the diagnosis of prostatic carcinoma. 
The conclusion must be drawn in this in- 
stance that the finding of a small anterior 
mass may not be of clinical significance in 
the diagnosis of prostatic carcinoma and 
may merely represent benign hypertrophy. 


ANNULAR RECTAL STRICTURE 


The most common mode of involvement 
of the colon by prostatic carcinoma 1s the 
annular stricture. Seventy per cent of the 
patients in this series and the majority of 
reported patients in a review of the litera- 
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TABLE II 
l'YPE OF COLON INVOLVEMENT 
Anterior Annular Rectal Tot: 
Authors br Ries otal 
Mass Stricture Ulcer Cases 
Baum and McClellen? O 5 O c 
Jackman and Anderson? 14 2 II 27 
Winter!! 2 T > 2 L4 
Winter! 8 13 7 4 2 
Davis? 3 lI 2 16 
Becker ĝ F O I1 





ture had encircling rectal lesions (Table 11). 
This, most likely, is secondary to the ease 
with which the colon is surrounded. The 
presenting symptoms 1n these patients are 
quite variable. A patient in this group had 
symptoms of hemorrhoids, and a barium 
enema examination was done as a routine 
screening procedure prior to surgery. 


Case 11. This 76 year old male was admitted 
to Temple University Hospital with complaints 
of pruritus ani and bright red rectal bleeding. 
No other bowel symptoms were present. [n par- 
ticular, he did not complain of constipation. 
The physical examination revealed prolapsed 
internal hemorrhoids. A routine barium enema 
study showed complete obstruction to the rec- 
tograde passage of barium. There was a smooth 
taper to the colonic narrowing, contrary to the 


fe. 
Us 





usual cutoff secondary to rectal carcinoma 
(Fig. 4, Æ and B). Skeletal roentgenograms 
failed to reveal any evidence of metastatic bone 
disease. The acid phosphatase was 1.3 Bodan- 
sky units. A transurethral resection was done 
and tissue from this was reported as adenocar- 
cinoma of the prostate. 


The majoritv of patients, however, did 
have symptoms referable to the colon: 
constipation and/or abdominal pain. These 
were trequently associated with symptoms 
of prostatism such as hesitancy, dysuria, 
and frequency. 


Case 111. This 70 year old Negro male was ad- 
mitted to Temple University Hospital with a 
history of frequency and urgency of 13 months’ 
duration. On physical examination a large 


y hy d * * 
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Fic. 4. Case 11. (4 and B) There is an obstruction to the rectograde passage of barium at the rectosigmoid. 
The narrowing is tapered in character, unlike that of a primary, encircling carcinoma. 
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Fic. 5. 
borders of the margins of the lesion are seen. This is the most common type of colon involvement by 
prostatic carcinoma. 


nedular prostate gland was felt. Sigmoidoscopy 
was unsuccessful, because of an obstruction to 
the passage of the sigmoidoscope at 8 cm. The 
mucosa seen was boggy and edematous, and 
there was no evidence of mucosal invasion. The 
rectum was rigid and fixed. The impression was 
that of an extraluminal lesion. The alkaline 
phosphatase was 5.0 King-Armstrong units and 
the acid phosphatase 2.5 King-Armstrong units. 
There were no changes in the bones on roentgen 
examination which could be attributed to meta- 
static disease. The barium enema examination 
showed an encircling lesion and a boggy mu- 
cosa (Fig. 5, Æ and B). A transurethral resec- 
tien and bilateral orchiectomy were done. The 
histologic examination of the prostate was re- 
ported as adenocarcinoma. The patient was 
placed on stilbesterol and discharged from the 
hospital. No follow-up is available. 


The combination of Type 1 and 2 is un- 
usual. The circumferential extension ap- 
pears to minimize the anterior mass, and, if 
the colon is surrounded by tumor, the an- 
terior component is small. Only 1 patient in 
the present series had a very large anterior 
mass and a small circumferential compo- 
nent. He has been included in Type r in this 
series. 


Case Iv. This 85 year old male was initially 
admitted to Temple University Hospital in 
September, 1954 with a diagnosis of benign 
prostatic hypertrophy. In 1959, the patient re- 


Case irr. (4 and B) The rectosigmoid annular stricture, intact but edematous mucosa, and tapering 


turned to the hospital with symptoms of dull 
aching lower abdominal pain. He also com- 
plained of a recent onset of constipation. Uri- 
nary tract symptoms of frequency and nocturia, 
2 to 3 times a night, and dysuria were present. 
On rectal examination a large hard mass on the 
anterior wal: of the rectum was palpated which 
was neither mobile nor tender (Fig. 6). The 
clinical impression was that of an adenocar- 
cinoma of the colon. The alkaline phosphatase 
was 3.6 King-Armstrong units and the acid 
phosphatase 12 King-Armstrong units. An 
intravenous urogram failed to demonstrate the 
right kidney. The biopsy of the mass was re- 
ported as adenocarcinoma of the prostate gland. 
A bilateral orchiectomy was done. The patient 
was placed en stilbesterol and discharged from 
the hospital. He was lost to follow-up until he 
returned to the hospital in 1962. On this admis- 
sion the prestatic mass had grown, and there 
was marked cachexia. The admission diagnosis 
was carcinomatosis. The patient died 2 days 
after admission. At autopsy, extensive ab- 
dominal metastases were found. Both ureters 
were obstructed by a frozen pelvis resulting in 
bilateral hydronephrosis. The liver was dif- 
fusely involved with metastatic disease. 


In this case, the initial colon involve- 
ment over a 4 year period extended and 
produced a "frozen pelvis." The barium 
enema study was quite atypical of primary 
colon carcinoma, with a large, extramucosal 
mass representing the prostatic malig- 
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Fic. 6. Case 1v. A large anterior mass is combined 
with a small encircling component. The area of 
encircling is well seen in the sigmoid; it represents 
direct, not metastatic, extension of the prostatic 
carcinoma. 


nancy. It is our belief that the rectal in- 
volvement was initially localized and did 
not represent part of the “frozen pelvis." 
This latter manifestation of metastatic 
carcinoma is a terminal stage of prostatic 
carcinoma, as it would be in any pelvic 
carcinoma. 

Metastasis of primary prostatic car- 
cinoma to the more proximal sigmoid has 
been reported. Winter!" lists this as one of 
the types of involvement of the colon. We 
have been impressed with the more proxi- 
mal level of the involvement of the colon 
than one would expect, specifically in. the 
annular stricture. Using bone landmarks, 
the prostate gland is located at the same 
level as the spines of the pelvis or the 
femoral heads. This places the prostate 
more proximal than the ampulla ot the rec- 
tum. Figure 7, with the bladder filled with 
contrast material from intravenous uro- 
graphy and the colon filled with barium and 
air, shows the level of the prostate (especi- 
ally of the large prostate) to be quite high 
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in relation to the rectum and actually at the 
rectosigmoid junction. It is logical to ex- 
pect that direct involvement of the sigmoid 
colon should occur, since the rectosigmoid 
swings free of the sacrum, thus offering an 
easier path for colon involvement than the 
more distal course of extension into the pre- 
sacral space. It is possible that the more 
proximal lesions have actually originated at 
the level of the prostate gland and are 
merely manifesting themselves in the sig- 
moid, rather than representing a separate 
metastatic lesion to the sigmoid. 


CONCURRENT RECTAL AND PROSTATIC 
CARCINOMA 


Concurrent rectal and prostatic carci- 
nomas have been reported; Winter has also 
included this in his classification of rectal 
involvement.*!°!! The possibility of con- 
current lesions points out the difficulty in 
the occasional case of identifying the histo- 
logic origin of a carcinoma in the prostatic- 
rectosigmoid area. At times, exact patho- 
logic diagnosis, especially where the tumor 
is very anaplastic, can be difficult. In these 
instances, ancillary diagnostic studies are 
necessary for the total evaluation of the 
patient. These include the serum acid phos- 
phatase, skeletal roentgenograms for meta- 
static disease, and cystoscopy to evaluate 





FIG. 
effect on the bladder base—correlates with the en- 
circling rectosigmoid lesion. Note the proximal 
level. 


7. The prostatic mass—as shown by its pressure 
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lic. 8. Case v. (4) The typical Type B stricture is present. The mucosa is intact. The area of stricture is in 
the sigmoid. (B) After orchiectomy and stilbesterol, the enema examination demonstrated a normal colon. 
The colon involvement had disappeared. 


possible bladder involvement. In the pres- 
ent case material, 28 per cent showed an 
elevated serum acid. phosphatase, 28 per 
cent had metastatic bone disease, and in 56 
per cent the cystoscopic findings were indic- 
ative of malignancy. A trial of estrogens 
can be the most important approach in 
diagnosis. Rapid reduction of tumor size 
and even its apparent eradication have oc- 
curred. The rapidity of change is note- 
worthy, reduction of tumor size in a few 
davs having been reported.? A patient in 
the present case material who was treated 
by orchiectomy and stilbesterol had a tem- 
porary resolution of the rectal involvement. 


Case v. This 62 year old white male was ad- 
mitted to Temple University Hospital in 
March, 1958 with the chief complaint of diff- 
culty of urination of 7 months’ duration. On 
rectal examination the prostate gland was re- 
ported as enlarged. The impression was that of 
benign prostatic hypertrophy. A barium enema 
study demonstrated an extrinsic pressure effect 
upon the sigmoid (Fig. 8.7). The alkaline phos- 
phatase was 4.1 Bodansky units and the acid 
phosphatase 0.98 Bodansky units. The patient 
had a transurethral resection and orchiectomy, 
and was placed on stilbesterol. He returned to 
the hospital in May, 1949 with the chief com- 
plaint of a poor urinarv stream. The rectal 
examination at that time revealed a hard 
nodular area on the anterior rectum; however, 


on barium enema study, no evidence of colon 
involvement was seen (Fig. 8B). The patient 
was discharged, but returned to the hospital 
in October of 1959; he died 12 days after ad- 
mission with diffuse metastatic disease. An 
autopsy was not obtained. 


In this instance, the metastatic disease 
was only temporarily arrested, followed by 
recurrence and ultimately death. 

As noted in the protocols, the treatment 
of choice for this type of manifestation of 
the prostatic carcinoma is transurethral 
prostatic resection to relieve obstruction of 
the urethra, orchiectomy, and estrogen 
therapv. The rectal involvement represents 
incurable disease and radical surgery is con- 
traindicated. The prognosis for survival 1s 
poor; it has been noted that the average 
patient lives 11 months after the initial 
visit, and the longest noted survivor lived 
for 27 months.? In the present material 7 
patients were available for follow-up; 2 
were alive I and 2 years after diagnosis was 
made. The average survival from the time 
of diagnosis to death was 2 years and 1o 
months and the average time of survival 
from the colon involvement to death was 1 
year and 7 months. The longest survival 
period was 3 years and 11 months. 

Other lesions affecting the colon which 
should be considered in the diterential 
diagnosis are Blumer’s shelf secondary to 
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abdominal carcinoma,'® carcinoma of the 
bladder and ureter with posterior extension, 
and granuloma inguinale." 


SUMMARY 


The different types of colon involvement 
by prostatic carcinoma have been de- 
scribed. In the male, the prostate gland 
should be suspected as the primary site, if 
the rectosigmoid mucosa is not affected. 
The diagnosis is usually readily. made. In 
the rare instance of invasion of the mucosa, 
ancillary studies may be necessary for a 
definitive diagnosis. 

The treatment of choice is hormone 
therapy, after a transurethral resection. 
However, the prognosis is unfavorable, 
since the rectal involvement is usually a 
sign of extensive disease. 

In an occasional case, a dramatic regres- 
sion of the carcinoma occurs with appropri- 
ate treatment. An attempt at surgical resec- 
tion of the prostate and colon is not indi- 
cated. 


Temple University Hospital 
3401 N. Broad Street 
Philadelphia, Pennsylvania 19140 
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ROENTGENOGRAPHIC FINDINGS IN 
ZOLLINGER-ELLISON SYNDROME 


By MICHAEL M. MISSAKIAN, M.D., Fellow in Radiology; HARLEY C. CARLSON, M.D., 
Section of Roentgenology; and KENNETH A. HUIZENGA, M.D., Section of Medicine 
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ROCHESTER, MINNESOTA 


HE syndrome of gastric hypersecre- 
tion, atypical peptic ulceration and as- 
sociated pancreatic islet-cell adenoma was 
first recognized by Zollinger and Ellison?! 
in 1955. Since their original report of 2 in- 
stances of this syndrome, many cases have 
been described, and many review articles 
have appeared in the literature,*!? as well 
as reports on the pathogenesis,” histo- 
chemistry ,*?:19!5 mechanism of ulceration,!” 
pathologic aspects," clinical features"? 
and surgical therapy! 9 81432 of this condi- 
tion. However, reports on roentgenographic 
findings in this syndrome, other than find- 
ings 1n individual case reports, are 
few. ???? [t is the purpose of this study to 
review roentgenographic findings of the 
upper part of the gastrointestinal tract in a 
relatively large series of cases of Zollinger- 
Ellison syndrome and to point out charac- 
teristic roentgenologic features that mav 
suggest a preoperative diagnosis of the dis- 
ease entitv. 
REVIEW OF LITERATURE 
lhe association of atypical peptic ul- 
ceration and islet-cell adenoma of the pan- 
creas was first reported by Forty and Bar- 
rett” in 1952. Weber and associates," in 
1959, reported observations on the small 
bowel pattern associated with Zollinger- 
Ellison syndrome. They described a lace- 
like or cob-web appearance of the small 
bowel in patients with Zollinger-Ellison 
syndrome who presented with diarrhea as a 
prominent symptom. On roentgenographic 
examination, the small bowel showed evi- 
dence of hypersecretion and hypermotility 
with a thin film of contrast material outlin- 
ing the valvulae conniventes resulting in a 
lace-like appearance. In 1960, Schlaeger 
and associates” analyzed 7 cases of their 


own with adenomatosis of the endocrine 
glands associated with atypical peptic ul- 
ceration, as well as cases from the litera- 
ture, and reported on the roentgenologic 
features of the upper gastrointestinal tract 
which were characteristic of this syndrome. 
These roentgenographic features included 
evidence of ulcerations located variously 
throughout the duodenal loop, atonic 
duodenum or megaduodenum, marginal 
irregularities in the descending part and 
ulceration m the distal portion of the duo- 
denum or upper part of the jejunum, and 
prominence of the mucosal folds and rigid- 
ity of the wall of the upper part of the 
jejunum. 

Giant gastric rugae (Menetrier’s disease) 
without peptic ulceration but with gastric 
hypersecretion and islet-cell adenoma of the 
pancreas have been known to occur.?!?9 
Association of multiple endocrine adenomas 
with peptic ulcer is well known,” and about 
20 per cent of patients having Zollinger- 
Ellison syndrome have multiple endocrine 
adenomas.*719.1575,32 Kictopic islet-cell tis- 
sue in the wall of the stomach, duodenum 
and other extrapancreatic locations is not 
uncommon and has been mentioned in 


about 20 per cent of the reported cases.’ 
17,30 


MATERIAL AND METHODS 


All cases with the diagnosis of Zollinger- 
Ellison syndrome at the Mayo Clinic were 
reviewed, but only 16 with roentgenograms 
of the upper part of the gastrointestinal 
tract were selected for study. 

Criteria for selection of cases in this 
study were based on pathologic demonstra- 
tion of islet-cell tumor associated with pep- 
tic ulceration. This category included 12 
cases. Of the remaining 4, one patient had 
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Menetrier’s disease of the stomach with is- 
let-cell carcinoma of the pancreas without 
peptic ulceration; one, hyperplasia of the 
islet cells without tumor formation, and 
there were 2 cases with profuse hypersecre- 
tion and hyperacidity associated with mul- 
tiple duodenal and gastrojejunal ulcera- 
tions as well as a clinical course which 
strongly favored a diagnosis of Zollinger- 
Ellison syndrome. However, during opera- 
tion in one patient and operation followed 
by necropsy in the other, an islet-cell lesion 
could not be demonstrated. 

Preoperative roentgenograms of the up- 
per part of the gastrointestinal tract were 
available for study in 12 cases, and in 4, 
postsurgical roentgenograms only were 
available. Roentgenograms of small bowel 
were available in 4 cases in which diarrhea 
or steatorrhea was manifested during the 
course of illness. 


RESULTS 
CLINICAL FINDINGS 


Eleven men and 5 women were studied. 
The ages of the men ranged from 36 to 60 
years with an average age of 48.8 years; the 
ages of the women ranged from 25 to 52 
years with an average age of 43.4 years at 
the time of diagnosis of Zollinger-Ellison 
syndrome. Complete clinical data, includ- 
ing preoperative laboratory studies, surgi- 
cal treatment, and follow-up studies of 
these patients are reported in another 
paper,? and only a few pertinent findings 
will be presented herein. 

The time from onset of symptoms until a 
defnitive diagnosis of Zollinger-Ellison 
syndrome was made ranged from 1 month 
to 20 years and averaged 6.3 years. 
Diarrhea or steatorrhea was reported as a 
presenting symptom in 5 cases, and was 
also a prominent symptom in 2 additional 
cases. A majority of the patients, how- 
ever, had initial symptoms of epigastric 
distress with clinical or roentgenographic 
diagnosis of duodenal ulcer and a subse- 
quent course of intractable ulcer diathesis 
not controlled by medical management or 


any of the usually adequate surgical pro- 
cedures. Sixteen patients 1n this series had 
had a total of 33 surgical procedures for 
peptic ulcer or complications of peptic ulcer 
prior to the diagnosis of Zollinger-Fllison 
syndrome. 


PREOPERATIVE ROENTGENOGRAPHIC FINDINGS 


Stomach. Analysis of preoperative roent- 
genograms of the upper part of the intes- 
tinal tract in II patients with pathologic 
diagnosis of Zollinger-Ellison syndrome did 
not reveal any uniform or characteristic 
changes in the stomach. Two patients had 
high-grade obstruction at the outlet of the 
stomach. In one patient having giant gas- 
tric rugae, Menetrier's disease was present, 
without peptic ulceration, and in another 
patient, evidence of prominent rugae of the 
stomach was seen on serial roentgenograms 
over a period of 5 years after the diagnosis 
of duodenal ulcer was made. Gastric ul- 
ceration, either alone or associated with 
duodenal ulcer, was not encountered in our 
series of cases of Zollinger-Ellison syn- 
drome. 

In one of the 2 patients having an ob- 
structed outlet of the stomach, surgical ex- 
ploration revealed a large duodenal ulcer 
penetrating into the head of the pancreas 
and a Grade 1 islet-cell carcinoma of the 
pancreas. In the second patient, multiple, 
subacute obstructing duodenal ulcers were 
found. Six years later, on exploration for 
gastrojejunal ulcer, multiple islet-cell ade- 
nomas were resected. 

The report of a case of Menetrier's dis- 
ease of the stomach associated with islet- 
cell carcinoma of the pancreas follows. 


Case 1. A 48 year old man had had epigastric 
distress since he was 21 years of age. For 10 
years prior to his admission to the Mayo Clinic 
he had been on a diet for duodenal ulcer, al- 
though he had not obtained much relief of 
symptoms. Roentgenograms of the stomach re- 
vealed giant gastric rugae, as well as large 
mucosal folds in the first and second portions 
of the duodenum. Gastric analysis revealed 
fasting free acid of 100 mEq. of hydrochloric 
acid. Exploration and partial gastric resection 
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showed giant rugae of the stomach consistent 
with Menetrier’s disease. Exploration of the 
pancreas revealed an encapsulated, Grade 1 
islet-cell carcinoma, 2 cm. in diameter. No 
gastric or duodenal ulcer was found. 


Prominence of gastric rugal folds was ob- 
served in I patient approximately 5 vears 
after the initial diagnosis of duodenal ulcer. 
Koentgenograms made 9 months prior to 
the diagnosis of Zollinger-Ellison syndrome 
revealed prominent gastric rugal folds and 
a deficiency pattern of the small bowel. 
The patient had experienced the onset of 
diarrhea 3 months prior to roentgeno- 
graphic examination of the stomach (see 
Case 11). 

Duodenum. Roentgenographic changes in 
the duodenum were highly suggestive of 
Zollinger-Elhson syndrome. Duodenal ul- 
ceration with crater formation was seen in 
4 patients, and deformity of the duodenal 
cap without visualization of a crater was 
seen in 4 additional patients. Dilatation of 
the duodenum distal to the deformitv or 
ulcer crater was seen in § patients. Floccu- 
lation of barium in the duodenum was fre- 
quently noted in patients with Zollinger- 
Ellison syndrome. 

The presence of a duodenal ulcer alone is 
not a significant finding 1n these patients. 
Location and extent of ulceration, how- 
ever, may be helpful in suggesting the diag- 
nosis. In 2 of the 4 patients, ulcer craters 
were demonstrated at the junction of the 
first and the second portion of the duo- 
denum; in the other 2, the ulcer craters 
were located in the medial wall of the 
descending part of the duodenum (Fig. 1). 
In 4 patients with duodenal deformity with- 
out visualization of a crater, it was impos- 
sible to differentiate a more benign ulcer 
from the ulceration of Zollinger-Ellison 
syndrome in the absence of other features 
[Pt 2). 

Duodenal dilatation distal to detormity 
of the ulcer crater was a significant roent- 
genographic feature in § cases. The initial 
roentgenograms in 2 cases did not show 
evidence of dilatation; however, later 


Zollinger-Ellison Syndrome 


bew ener 


lic. 1. Ulcer crater on medial aspect of descending 
portion of duodenum with dilatation distal to the 
ulceration. Flocculation of barium in the distal 
part of the duodenum and proximal part of the 
jejunum, 





roentgenograms showed evidence of grad- 
ual development of peptic ulcer disease 
over I to 2 years (Fig. 3, a and 2). The fol- 
lowing case illustrates the development of 
prominent rugal folds in the stomach, as 
well as dilatation of the descending part of 
the duodenum during observation over 5 
years (Fig. 4, 4, 2 and c). 





lic. 2. Deformity of the apex of the duodenum 
caused by duodenal ulceration 
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Fic. 3. (a) Deformity of the duodenal cap with ulcer 
crater. (4) Same region 4 years later. Severe de- 
formity of duodenal cap with crater has developed 
despite medical therapy. Note the development of 


dilatation of the duodenum distal to the crater 
since last examination. 






Case rr. A 60 year old man had onset of 
epigastric distress 20 years prior to diagnosis cf 
Zollinger-Ellison syndrome. Roentgenologic 
diagnosis of duodenal ulcer was made in 1956. 
Exploration at this time, however, revealed 
chronic pancreatitis without duodenal ulcera- 
tion. Cholecystectomy and choledochoduo- 
denostomy were performed for cholelithiasis 
and dilatation of the common bile duct assoc-- 
ated with edema of the head of the pancreas. 
Subsequent roentgenographic examinations of 
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the stomach revealed evidence of a deformity 
of the duodenum distal to the bulb as well as 
gradual dilatation of the distal portion of the 
duodenum. Roentgenograms of the stomach 
made in 1961 revealed evidence of prominent 
rugal folds and increasing dilatation of the dis- 
tal portion of the duodenum. The patient had 
a 3 month history of diarrhea prior to the last 
roentgenographic examination.  Roentgeno- 
grams of the small bowel revealed a deficiency 
pattern, and special studies revealed a pH of 1.3 
in the lower descending part of the duodenum. 

In January, 1962, the patient underwent 
subtotal gastric resection for a perforating Je- 
junal ulcer 25 cm. beyond the ligament of 
Treitz. Exploration of the pancreas was not 
advisable. The patient died, and at necropsy 
multiple hemorrhagic jejunal and ileal ulcers 
were found. A 2 cm. ectopic islet-cell adenoma 
was found in the region of the splenic hilus. 
Gastrin-like secretagogue was extracted from 
the tumor. 


Roentgenographic changes, other than 
flocculation of barium, were not observed 
preoperatively distal to the ligament of 
Treitz in our patients with Zollinger-Elli- 
son syndrome. 


POSTOPERATIVE ROENTGENOGRAPHIC FINDINGS 


Gastrojejunal ulceration was reported 1n 
all 8 cases. The ulceration was extensive 
and involved proximal or distal loops or 
both. 

On surgical exploration, most ulcers were 
found to be of the perforating type, associ- 
ated with considerable jejunitis and 1nflam- 
matory changes at the region of the gastro- 
jejunostomy. Prominent gastric rugal folds, 
which developed 7 months after partial 
gastric resection and vagotomy for protuse 
gastric hypersecretion associated with islet- 
cell hyperplasia, were seen in 1 patient. This 
patient also had a large jejunal ulcer at the 
site of the gastrojejunostomy (Fig. 5, a and 


b). 


ABSENCE OF PATHOLOGIC PROOF OF ZOLLINGER- 
ELLISON SYNDROME 
In 2 patients an islet-cell lesion of the 
pancreas could not be demonstrated. Pre- 
operative roentgenographic examination of 





the stomach in 1 of these revealed promi- 
nent gastric rugae, large ulcer crater on the 
medial wall of the descending part of the 
duodenum, dilatation of the duodenum dis- 
tal to the crater, and flocculation of barium 
in the distal portion of the duodenum and 
proximal portion of the jejunum (Fig. 6). 
The second patient underwent multiple 
surgical explorations for recurrent gastro- 
jejunal ulcerations. Necropsy in the first 
case and partial pancreatectomy in the 
second did not reveal an islet-cell lesion of 
the pancreas. 
EXAMINATION OF SMALL BOWEL 

Roentgenographic examination of the 
small bowel was performed in 4 patients, 
all of whom had diarrhea or steatorrhea. 
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ic. 4. Case rr. (a) 1956: Deformity of duode- 
num at its apex. (4) 1957: Dilatation of 
duodenum distal to choledochoduodenos- 
tomy. (c) Gastric folds greatly enlarged since 
last examination. Also note flocculation of 
barium in stomach, duodenum and upper 
part of jeyunum. 


The findings were consistent with malab- 
sorption or deficiency pattern. 


PATHOLOGIC FINDINGS 


[slet-cell adenoma was demonstrated in 8 
patients; in § the adenomas were multiple. 
Ectopic location of islet-cell tissue was ob- 
served in 2 patients: in I, the adenoma was 
located near the splenic hilus (Case 11); in 
the other, islet-cell tissue was found in the 
wall of the stomach. The lesions were not 
recognized until after total gastrectomy.” 

Islet-cell carcinomas of Grades 1 or 1 
were found in 5 patients. Two of these pa- 
tients had metastatic deposits in the liver, 
and another had metastatic lymph nodes 
near the pancreas. 

Hyperplasia of islet-cell tissue was found 
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Eight months later, after partial gastric resection, 
gastric folds were greatly enlarged. Extensive 
jejunal ulcer developed at the site of the anastomo- 


SIS. 


in I patient, and no tumor could be demon- 
strated in 2 patients. 

Multiple endocrine tumors and para- 
thyroid adenomas were reported in 6 cases; 
in I case, in addition, acromegaly and en- 
largement of the sella were encountered 
and a presumptive diagnosis of pituitary 
adenoma had been made. 
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(a) Dilatation of the second and third por- 
tions of the duodenum and flocculation of barium. 
No evidence of duodenal ulcer can be seen. (ò) 
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In 4 instances of adenoma and 3 of car- 
cinoma, gastrin-like secretagogue was ex- 
tracted from primary tumors, as well as 
from metastatic deposits in cases of car- 
cinoma.? 


COMMENT 


A preoperative diagnosis of Zollinger-El- 
lison syndrome is seldom made.’ Often the 
presence of this disease entity is not sus- 
pected until after recurrence of peptic ulcer 
disease and complications such as hemor- 
rhage and perforation following supposedly 
adequate surgical treatment for ulcers. 

karly diagnosis and adequate therapy 
during initial surgical exploration are 1m- 
portant in order to avoid multiple surgical 
procedures associated with increased mor- 
tality and morbidity and with complica- 
tions arising after inadequate opera- 
tions, ^^ 

Absolute diagnosis of Zollinger-Fllison 
syndrome depends on pathologic demon- 
stration of a pancreatic islet-cell lesion as- 





Fic. 6. Prominent rugal folds in the stomach. Large 
ulcer crater on the medial wall midway on the 
descending portion of the duodenum with some 
dilatation of the duodenum distally. Islet-cell 
adenoma could not be demonstrated in this pa- 
trent. 
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sociated with peptic ulcer disease. How- 
ever, correlation of clinical, laboratory, and 
roentgenographic features should, in many 
cases, lead to a suspicion of this disease en- 
titv, and hence to careful examinatien of 
the pancreas at the time of initial surgical 
exploration. 

Most patients with Zollinger- Ellison 
syndrome present with a history of epigas- 
tric distress with little or no reliet from 
usual ulcer regimen. Diarrhea or steator- 
rhea or both have been shown to occur in 
about a third of the patients and may pre- 
cede peptic ulceration by several months to 
many years.*7519:%4.26 Diarrhea was a 
presenting symptom in § of our cases and a 
prominent feature in 2 additional cases. The 
presence of other endocrine tumors, par- 
ticularly parathyroid adenomas, in associa- 
tion with peptic ulceration, should strongly 
suggest Zollinger-Ellison syndrome, espe- 
cially when ulcer diathesis is not controlled 
by parathyroidectomy. Familial incidence 
of endocrine adenomatosis associated with 
atypical peptic ulceration has been shown 
te otur 

Preoperative gastric secretory studies in 
patients with Zollinger-Ellison syndrome 
will, m most cases, reveal a high overnight 
12 hour secretion (more than 1,500 ml.) and 
hyperacidity of well over 100 mEq. of hv- 
drochloric acid. Histamine stimulation 
will not elevate appreciably the level of 
acidity, as these patients are probably 
under maximal stimulation by endogenous 
gastrin-like substance liberated by the is- 
let-cell lesion. Hypokalemia and steator- 
rhea, with elevated fecal excretion of fat 
simulating relative pancreatic insufficiency, 
have been shown to occur in patients with 
diarrhea as primary manifestations of Zol- 
linger-Ellison syndrome.!»1?.2:25 Therefore, 
atypical peptic ulceration associated with 
diarrhea or steatorrhea should lead to sus- 
picion of Zollinger-Ellison syndrome. 

Review of preoperative roentgenograms 
of the upper gastrointestinal tract revealed 
characteristic features which, together with 
clinical and laboratory findings, were highly 
suggestive of the Zollinger-Ellison syn- 
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drome. Ulceration, at the apex of the duo- 
denal cap or in its second portion, associ- 
ated with dilatation of the duodenum dis- 
tal to the crater or deformity was one of the 
most characteristic roentgenographic find- 
ings in these patients. This feature, present 
in 6 of 11 cases in which preoperative roent- 
genograms were available tor study, also was 
seen by Schlaeger and associates? in their 
patients with endocrine adenomatosis and 
peptic ulceration. Initial roentgenographic 
examination may show nonspecific ulcera- 
tion. However, follow-up examination may 
demonstrate gradual dilatation of the 
descending part of the duodenum, as well as 
persistent duodenal ulceration even though 
the patient is on well-planned medical man- 
agement. The reason for this dilatation is 
not well understood and may represent 
neuromuscular alteration in the wall of the 
duodenum associated with extreme hyper- 
acidity. Dilatation of the proximal portion 
of the jejunum as reported by Schlaeger 
and associates was not seen in any of our 
cases. 

Flocculation of barium in the duodenum 
and proximal part of the jejunum was a 
common finding in a majority of our cases. 
The appearance on the roentgenograms 
suggested dilution of the contrast material 
by excessive secretions. 

An interesting observation was the de- 
velopment of prominent gastric rugal folds 
in I patient whose condition was followed 
over a period of § years (Case 11). Prior to 
the last roentgenographic examination, the 
patient had had diarrhea for 3 months and 
a pH of 1.3 in the distal descending part of 
the duodemum. Prominent rugal folds in 
the stomach in asymptomatic patients, as 
well as in patients with more benign duo- 
denal ulcers, are not uncommon. However, 
in Case 11, these folds may have been the 
result of excessive stimulation of the parie- 
tal cell mass, as evidenced by extreme hy- 
persecretion and low duodenal pH. Gas- 
trin-like secretagogue was extracted from 
the islet-cell tumor in this case. 

Demonstration of gastrojejunal ulcera- 
tion on roentgenographic examination af- 
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ter gactric resection was one of the most 
frequent findings. The ulcerations usually 
were rather extensive, and in the majority 
of cases both proximal and distal loops of 
the jejunum were involved. The interval 
between gastric resection and jejunal ul. 
ceration may be several davs to many 
vears. As reported in Case 11, the patient 
had multiple jejunal ulcers 24 hours after 
subtotal gastric resection, and in another 
case, the interval between gastric resection 
and postoperative jejunal ulceration was 7 
years. 


SUMMARY 


Roentgenographic findings of the upper 
part of the gastrointestinal tract in pa- 
tients with Zollinger- Ellison svndrome were 
reviewed. Preoperative roentgenograms did 
not reveal characteristic findings in the 
stomach. However, duodenal ulceration, 
most commonly located distal to the duo- 
denal bulb, dilatation of the duodenum be- 
vond the ulcerated region, and flocculation 
of barium in the distal portion of the duo- 
denum and proximal portion of the Jejunum 
were significant findings. Roentgenograms 
after subtotal gastrectomy revealed evi- 
dence of extensive gastrojejunal ulceration 
in all cases studied. 

Roentgenograms of the small bowel in 4 
cases did not demonstrate anv characteris- 
tic changes except for findings consistent 
with malabsorption or deficiency state. 
Mayo Clinic 
Rochester, Minnesota 
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ROENTGENOLOGIC-PATHOLOGIC CORRELATION 
OF RESECTABLE CARCINOMA OF THE 
PANCREATICO-DUODENAL REGION* 

By CARLOS A. PEREZ, M.D., WILLIAM E. POWERS, M.D., SUMNER HOLTZ, M.D.. 
and HARLAN J. SPJUT, M.D.1 


ST. LOUIS, MISSOURI 


T early diagnosis of tumors of the 
pancreatico-duodenal region has been 
difficult because insufficient stress has been 
placed on the benefit of subtle roentgeno- 
logic findings. The pathologic correlation of 
these tumors with the roentgenologic 
changes has usually been made either on 
postmortem examination, when the lesion 
had progressed beyond reasonable limits of 
treatment, or on the clinical impression of 
the operating surgeon supported by mini- 
mal pathologic examination of the biopsy 
material. Any improvement in the roent- 
genologic diagnosis would seemingly rest on 
a detailed correlation between the roent- 
genographic findings and the anatomic- 
pathologic extent of the tumor. 

From the therapeutic point of view, the 
prompt recognition of these neoplasms 
would facilitate radical surgical procedures, 
which possibly would result in a higher cure 
rate, this being true particularly in the non- 
jaundiced patient.” 

Many controversial concepts are found 
in the literature as to the criteria of oper- 
ability of these tumors. In those cases in 
which a wide resection in the pancreatico- 
duodenal region is done, 5 year survival 
rates varying from o up to 5o per cent have 
been reported, depending on the clinical 
condition of the patient, size, location, and 
histologic characteristics of the lesion, ab- 
sence or presence of metastatic spread and 
type of surgical procedure done. 9:14:14,20,29, 
3255 The prognosis is worse in carcinoma of 
the pancreas and common duct, but more 
encouraging in carcinomas of the papilla of 
Vater, duodenum, and islet cell carcinoma 
of the pancreas.??.*? 


The early clinical and roentgenographic 
diagnosis of carcinoma of the pancreas has 
been extremely difficult and in many of the 
cases impossible. Cancer of the duodenum 
or the papilla of Vater, in general, is more 
easily detected with a careful evaluation of 
the duodenal loop in gastrointestinal studies 
with barium. Since 1t is difficult to differ- 
entiate the lesions mentioned above by 
roentgenographic means, and since the 
surgical approach 1s similar, the following 
discussion applies to all these tumors, as a 
group. 

Numerous articles have been published 
on the sub1ect?:5:5,9,15,10,17,18,22,28,24,28,31,39 and 
in recent years more refined techniques 
have been utilized in an effort to improve 
the accuracy and early diagnosis of these 
lesions.” Many excellent reviews of the 
clinical and laboratory manifestations of 
neoplasms in the pancreatico-duodenal 
region have been published and will not be 
discussed here.!:1911,12,19,22 


MATERIAL 


The material consists of 29 patients with 
carcinoma of the pancreatico-duodenal 
region, operated upon at Barnes Hospital 
from 1943 to 1962. The following criteria 
were required for inclusion in the series: 
(1) preoperative gastrointestinal roentgeno- 
grams available for study; (2) a resectable 
lesion with a one-stage Whipple procedure 
performed; and (3) a complete pathologic 
examination of the resected specimen. 
Several patients were excluded from this 
study because the roentgenograms had 
been discarded. Carcinomas not closely 
related to the duodenal loop, such as 
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TABLE I 
ROENTGENOGRAPHIC CHANGES OF CARCINOMA OF THE PANCREATICO-DUODENAL REGION 
Pancreas Papilla Distal 
- of Common Duodenum 
Head Body Vater Duct 
No. of Cases 12 2 12 2 I 
Negative UGI* 4T 2 2 I -— 
Intraluminal Mass I — 3 -> I 
Extrinsic Pressure in 2nd Duo- 
denum with Intact Mucosa 6 — 5 I — 
Mucosal Ulceration in 
Duodenal Loop 3 — 5 — I 
Widening of Duodenal Sweep 3 — 2 e -- 
Postbulbar [Impression in 
Duodenum due to Dilated: 
Gallbaldder 2 -- -- — — 
Common Duct 61 — 4 I -— 








* Upper gastrointestinal studv. 
pper £ 1 





T Two cases, negative gastrointestinal series, except for postbulbar impression due to dilated common duct. 


hepatic ducts, upper common duct, and 
tail of the pancreas, were not included. 

Roentgenograms of the stomach and 
duodenum outlined with barium were ob- 
jectively evaluated. Special attention was 
given to the following findings: (1) pres- 
ence of an intraluminal mass in the duo- 
denum; (2) pressure defect in the medial 
wall of the descending duodenum, with- 
out alteration of the mucosa; (3) evi- 
dence of mucosal ulceration in the second 
portion of the duodenum; (4) widening 
ot the duodenal loop; and (5) postbulbar 
indentation of the duodenum, due to di- 
latation of the gallbladder and/or the com- 
mon duct. 

After a Whipple's procedure was per- 
tormed, thorough pathologic examination 
otf the surgical specimen was done. The site 
ot origin and characteristics of the primary 
lesion, invasion of surrounding structures 
and vessels, and spread to the lymph nodes 
were evaluated in each case. 

The age of the patients studied varied 
from 36 to 73 years, the average being 58.4 
vears. There were 19 males and ro females. 
Twenty-seven of the patients were white 
and 2 were Negroes; this ratio is probably 
rdated to the greater number of Cau- 
casians admitted to this medical center. 


ROENTGENOGRAPHIC FINDINGS 


The retrospective studv of the roent- 
genograms shows a higher incidence of posi- 
tive findings in carcinoma of the papilla of 
Vater (10 cases out of 12) and less (8 cases 
out of 12) in carcinoma of the head of the 
pancreas (Table 1). In the 2 cases of small 
neoplasms of the body of the pancreas, no 
demonstrable lesion could be observed in 
the stomach or duodenum. In 1 case of 
carcinoma of the distal common duct, there 
was evidence of extrinsic pressure in the 
midportion of the concave surface of the 
descending duodenum; the other case in 
this series had a normal duodenal loop. 
There is only 1 patient with carcinoma of 
the duodenum, and in this instance an area 
of ulceration associated with a mass was 
evident in the distal descending duodenum 
(Fig. 1, 4 and B). 

Generally speaking, the most common 
finding in all the cases analyzed was an 
extrinsic pressure defect along the con- 
cavity of the duodenal loop, with some 
flattening and widening of the mucosal 
folds, but without gross invasion of the 
mucosa (Fig. 2, A-E; and 6, A-D). Some 
times a shallow double contour was the 
only abnormality in this area (Fig. 3, 4—-D). 
Interestingly enough, these were also the 





Fic. 1. Carcinoma of the duodenum. Forty-two year 
old white female with history of tarry stools for 2 
years, abdominal pain and anemia for 6 months. 

(4 and B) There is evidence of a flat mass in the 
concave border of the distal descending duodenum. 
Destruction of the mucosal pattern and a 2 cm. 
in diameter ulcer crater in this area are apparent 
(arrow). 

After a frozen section diagnosis of adenocar- 
cinoma, a one-stage Whipple's procedure was per- 
formed. Grossly, 1 cm. distal to the papilla of 
Vater, there was a granular, ulcerated lesion that 
measured 2.5 cm. in diameter and invaded the full 
thickness of the duodenum. The lesion was a well 
differentiated. adenocarcinoma. The patient is 
alive, without clinical evidence of local recurrence 
or metastasis, 6 years after the operation. 


most frequently overlooked signs in the 
original interpretation. 

Another rather constant finding was a 
smooth impression in the postbulbar area, 
due to a dilated common duct, and later- 
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ally, due to a distended gallbladder. How- 
ever, we find it diff cult to evaluate accu- 
rately this appearance, because there are 
a number of normal patients, without 
jaundice or dilatation of the common duct, 
who present a similar roentgenographic 
picture. 

More easilv appreciated, and not uncom- 
mon, was ulceration and irregularitv in the 
mucosa of that portion of the duodenum 
invaded by the malignant process (Fig. 1, 
4 and B; 4, 4 and 5; and 6, 4, B and C). 
Nevertheless, this may be overemphasized 
as 1n 2 of our cases (I carcinoma of the 
pancreas and 1 of the ampulla of Vater) 
we felt there was destruction of the mucosa 
when at pathologic examination only in- 
filtration of the submucosa was present. 

An intraluminal mass was demonstrated 
in the 1 case of duodenal carcinoma, 1 out 
or 12 cases of carcinoma of the head of the 
pancreas and in 3 out of 12 cases of lesions 
in the papilla of Vzter. This is a valuable 
point in the differential diagnosis with 
small tumors in the head of the pancreas, 
which usually do not produce an intraduo- 
denal tvpe of filling defect. 

The presence of appreciable widening of 
the duodenal sweep (Fig. 5) is somewhat 
surprising, because we are dealing with 
relatively small lesions (all but 3 being less 
than 4 cm. in greatest dimension). This 
can be explained, however, on the basis of 
edema of the tissues surrounding the tu- 
mor and not infrequently associated pan- 
creatitis.” Thus, the size of the mass seen 
on roentgenograms does not necessarily 
reflect the actual tumor size. 

Other commonly described changes in 
the gastric antrum and duodenum, due to 
more advanced growths, such as the Frost- 
berg sign, large filling defects and dis- 
placement of these structures, etc.,?* 5!»— 
16,17,18,24 were not seen in our series, as ex- 
tensive lesions that could not be resected 
by partial pancreatectomy and duodenec- 
tomy were not included. 

Despite the relatively early diagnosis and 
apparently adequate surgical procedures, 
the survival rates are not very encouraging. 
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‘IG. 2. Carcinoma of the ampulla of Vater. Thirty-six year old white female with weight loss, nausea and 
vomiting of 6 wecks' duration. 

4) A small 2.5 cm. in diameter mass is seen in the peri-ampu lary region, without alteration of the 
mucosa. A larger extrinsic pressure defect is present in the distal second portion of the duodenum. Impres- 
sion in the postbulbar region secondary to the dilatation of the common duct is apparent. (B) Cholecysto- 
cholangiogram demonstrates a filling defect producing complete obstruction in the distal common duct. 
There is moderate dilatation of the entire biliary tree, but more severe in the common duct. 

A pancreatico-duodenectomy was done following a frozen section di ignosis of adenocarcinoma. 

(C) Grossly, a polypoid tumor, 2.7 cm. in greatest dimension, replaced the papilla of Vater and extended 
inte the head of the pancreas and the muscularis of the adjacent duodenum. A mass of ectopic pancreas 
was noted in the distal duodenum. (D) Opened common duct illustrating dilatation and the tumor in the 
distal end. Five regional lymph nodes contained metastatic carcinoma 
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well differentiated adenocarcinoma, invasive of the 
duodenal muscularis (207 X). 






Of the 29 patients, 21 were dead within 2 
years following operation, 10 of them 
being immediate postoperative fatalities. 
One patient with carcinoma of the head of 
the pancreas and another with ampullary 
carcinoma are alive, with liver and ab- 
dominal metastasis, 1 year after surgery. 
One other patient is alive, with no clinical 
evidence of local recurrence or metastasis 
2 years after a Whipple’s procedure was 
performed. The only case of carcinoma of 
the duodenum included in the present 
series is alive and well, 6 years following 
surgical resection. One patient operated 
upon for an islet cell carcinoma of the 
pancreatic head died 11 years later, with 
liver metastases proven at autopsy. 

These data do not represent the results 
of surgical treatment of carcinoma of the 
pancreas and the peri-ampullary region at 
this institution. They apply to a selected 
group of patients and are cited only to 
emphasize the urgent need of earlier detec- 
tion of these lesions. A more comprehen- 
sive study on the subject has been reported 
previously.” 


PATHOLOGY 


The gross and histologic types, the pat- 
terns and the variations of carcinoma of 
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the pancreas and ampullary region are well 
known.”:*4 All of our cases had adeno- 
carcinoma including one islet cell car- 
cinoma; 2 of the pancreatic carcinomas 
were admixed with squamous carcinoma. 
It was hoped that carcinomas of the areas 
under discussion, apparently amenable to 
surgical removal, would offer an oppor- 
tunity to study the changes in less ad- 
vanced lesions. Tabulation of the patho- 
logic observations (Table 11) show that 11 
of the 14 carcinomas of the pancreas had 
invaded the duodenum. This is particularly 
striking with the knowledge that 2 of the 
14 were carcinoma of the body. Five of the 
ampullary carcinomas invaded the duo- 
denum locally. The pancreas was invaded 3 
times. These figures are similar to an au- 
topsy series? in which approximately 75 per 
cent of carcinomas of the pancreas invaded 
the duodenum. Our small group does not 
differ from the autopsy series in incidence 
of regional lymph node metastases. Four 
patients with ampullary carcinoma and 4 
with pancreatic carcinoma had lymph node 
metastases. Our 1 case of duodenal car- 
cinoma was confined to the duodenum, in- 
vading the muscularis locally. 

Ulceration of duodenal mucosa was seen 
in 9 of our cases (§ ampullary carcinomas, 
3 pancreatic carcinomas and 1 duodenal 
carcinoma). The ulcerated sites were com- 
bined with or overlving the carcinomas. 
Discernible masses were present in each 
specimen. Those of the pancreas ranged 
from 2 cm. to 7 cm. in greatest dimension. 
The tumors of the papilla were smaller, 
ranging from o.5 cm. to 2 cm. in greatest 
dimension. Except for the duodenum, other 
organs were not commonly invaded by 
carcinoma. In only 1 case had the tumor 
gone beyond the duodenum, this into the 
transverse colon. As would be expected, in 
the majority the common bile duct was 
demonstrated to be dilated as a result of 
obstruction or compression by carcinoma. 
A common accompaniment of carcinoma of 
the pancreas is pancreatitis; this was seen 
in 10 of our cases. It was moderate to 
severe in degree, particularly in and near 
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Fıs. 3. Carcinoma of the peri-ampullary region. Fifty-five year old white male with a 2 
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month history of 


ep gastric distress, diarrhea, weight loss, and moderate Jaundice. 

(A and B) There is effacement of the mucosal folds and an indentation with a double contour in the 
pezi-ampullary region (arrows). No ulceration of the mucosa is demonstrated. Smooth pressure defects in 
the postbulbar area and in the convexity of the proximal duodena! oop are due to dilated common duct 
and gallbladder. Initially, the gastrointestinal study was felt to be within normal limits. 

At abdominal exploration the gallbladder and common duct appeared considerably dilated. 

C) A 2 cm. in diameter polypoid tumor was found on the papilla of Vater, obstructing the sphincter of 
Ocdi. There was no local tumor invasion or spread to the peripancreatic lymph nodes. (D) Microscopically, 


the tumor was a poorly differentiated 


252 ><). 


the tumor bed. Fat necrosis was noted in 
only 1 instance. 
DISCUSSION 


According to a large number of re- 
ports, 55172924539 an accurate preopera- 


adenocarcinoma. Here vein invasion is seen (Verhoeff-Van Gieson 


tive roentgenographic diagnosis of lesions 
in the pancreatico-duodenal region is 
made in about 30 to £o per cent of the 
cases, includ.ng both the patients with and 
without jawndice. However, a critical re- 
view of the upper gastrointestinal studies 
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‘ic. 4. Carcinoma of pancreas. Seventy year old 
white male with weight loss and Jaundice of 2 
months' duration. 

(4 and B) There is disruption of the mucosa 
with several areas of ulceration in the second por- 
tion of the duodenum. 

After positive frozen section a pancreatico- 
duodenectomy was done. A tumor mass, 7X4X3 
cm., was replacing the head of the pancreas and 
invading through the full thickness of the duo- 
denum and ampulla of Vater. An ulcer 1.5 cm. in 
diameter was present in the medial wall of the 
descending duodenum. There moderate 
chronic pancreatitis. One of 7 regional lymph nodes 
contained metastatic adenocarcinoma, Microscopic 

Well differentiated adenocarcinoma. 


Was 


diagnosis: 
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in the current series with the “‘retrospecto- 
scope," indicates that a correct roentgeno- 
graphic diagnosis could have been made in 
approximately 70 per cent of the cases. 

In the criteria of operability of these 
tumors, special emphasis has been given to 
the invasion of the vortal vein and superior 
mesenteric artery as well as spread to the 
regional lymph nodes.?»??/3?:55 [n our series, 
| patient had carcinomatous invasion of 
the portal vein, 1 carcinoma was observed 
in the vessels of the renal pedicle, and 2 
patients had microscopic venous involve- 
ment at the tumor site. Eight out of the 29 
cases had metastatic carcinoma in the re- 
gional lymph nodes. No roentgenographic 
manifestations of this spread could be ap- 
preciated on the rcentgenograms. The size 
of the primary tumor is not a reliable factor 





Peri-ampullary carcinoma. Sixty-nine year 


FIG. 5. 
old white male witk chills, fever, and abdominal 
pain for 15 months end jaundice for 10 months. 

The duodenal loop is widened with flattening of 
the mucosal folds at the medial margin. A double 
contour is seen distally at the Junction with the 
third portion of the duodenum. Moderate com- 
pression deformity ia the lower border of the duo- 
denal bulb is evidert as well. No intrinsic ulcera- 
tion of the duodenal mucosa can be seen. 

At laparotomy, the gallbladder and common 
duct were greatly dilated. Frozen section showed 
adenocarcinoma and a pancreatico-duodenectomy 
was performed. 

Pathology: Grossly, the papilla of Vater was 
replaced by a friable, red mass, 1 cm. in diameter, 
extending into the head of the pancreas. There 

chronic pancreatitis. Regional 

lymph nodes were negative for metastasis. 


was associated 
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lic. 6. Peri-ampullary carcinoma. Forty-nine year old 
white male with short history of epigastric distress, 
jaundice, acholia and choluria. 

(4, B and C) A rather large area of compression de- 
formity and mucosal ulceration in the region of the 
papilla of Vater were noted. Some degree of extrinsic 
pressure was demonstrated laterally in the postbulbar 
area and proximal descending duodenum, due to dilata- 
tion of the gallbladder. 

At laparotomy the gallbladder was dilated and con- 
tained a stone in the cystic duct. 

(D) Specimen showing a red, friable, hemorrhagic 
mass encircling the papilla of Vater. The distal pan- 
creatic duct was enclosed in this process and was moder- 
ately dilated. Histologic sections demonstrated a well 
differentiated adenocarcinoma. All lines of resection and 

regional lymph nodes were free of tumor, Chronic pancreatitis was also present. The patient is alive and well, 
2 years after pancreatico-duodenectomy. 


mine the full extent of the lesion. The value 
of biopsies in the surgical appraisal of these 
tumors has been indicated previously? 1? 


in the criteria of prognosis and operabilitv, 
since we have seen small tumors with lymph 
node and blood vessel involvement. 


It has been demonstrated that it 1s pos- 
sible to diagnose in early stages carcinoma 
of the duodenum and papilla of Vater, and 
in a lesser number of cases carcinoma of the 
pancreatic head. Nevertheless, based on our 
roentgenographic findings and their com- 
parison with the anatomico-pathologic 
features, we feel that no reliable criteria of 
operability have been established pre- 
operativelv. Laparotomv, meticulous in- 
spection and palpation, and multiple fro- 
zen sections are required to better deter- 


although some surgeons have considered 
the procedure of limited application. ®30.37 
It must be said that frequent consideration 
of small carcinomas in the pancreatico- 
duodenal region will lead to “‘overreading,”’ 
but this is an unavoidable chance to be 
taken if early diagnosis of these lesions is 
to be encouraged.” As reported previously 
by Hodes ef a/., and others, we find it 
difficult in most cases, to differentiate 
clinically or roentgenographically pancre- 
atico-duodenal and tumors of the papilla. 
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TaBLe If 


CARCINOMA OF THE PANCREATICO-DUGDENAL 


REGION: PATHOLOGIC FINDINGS 


Pancreas — Papilla "ecd 
~ —— of Common Duodenum 
I A lead Beas Vater Duct 
No. of Coss 12 2 12 2 1 
Involvement of Duodenum 
Infiltration 8 5 
Ulceration 1 5 i 
Lymph Node Metastases 4 4 
Distal Extension 
Liver i 
Colon 1 1 
Vascular Invasion at 
Histologic Diagnosis 
Poorly Differentiated Carcinoma š 2 x: I 
Well Differentiated Carcinoma 6 9 1 1 
Islet Cell Carcinoma 1 
Dilated Common Duct 9 10 2 
Chronic Pancreatitis 10 2 
Common Duct Stones 
Roentgenographic Findings 
Positive 8 C 1o I I 
Negative 4 2 2 i © 
" 


The roentgenographic manifestations of 


29 cases of resected carcinoma of the 
pancreatico-duodenal region are reviewed 
and correlated with the pathologic findings 
in the surgical specimens after a one-stage 
W hipple' s procedure was performed. Retro- 
spective study shows that a correct pre- 
operative diagnosis of these lesions can be 
achieved in about 70 per cent of the cases 
with adequate barium studies and detailed 
evaluation of the duodenal loop. 

The most common findings were: (1) a 
smooth extrinsic pressure defect in the 
medial wall of the descending duodenum, 
with flattening of the mucosal folds. In a 
few instances a shallow double contour was 
seen; (2) deformity of the postbulbar area, 
due to a dilated common duct or less fre- 
quently a distended gallbladder; (3) ulcera- 
tion of the duodenal mucosa, secondary to 
malignant infiltration; (4) intr aluminal 
mass, more often seen in carcinoma of the 
papilla of Vater; and (5) chronic pancreati- 


1 case of invasion of portal vein; 1 case of invasion of right renal pedicle. 


tis was present in almost all of the cases of 
carcinoma of the head of the pancreas. The 
size of the lesions was not found to be a 
reliable criterion of resectability or prog- 
nosis. From a pathologic standpoint, it is 
felt that there are some tissue and organ 
alterations that may contribute to roent- 
genographically detectable findings that 
would lead to an early and accurate pre- 
operative diagnosis of carcinoma of the 
pancreas, papilla of Vater and duodenum. 


Carlos A. Perez, M.D. 


The Edward Mallinckrodt 


Institute of Radiology 
gic South Kingshighway 
St. Louis, Missouri 
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IMPRESSION ON THE DUODENAL LOOP RESULTING 
FROM TUMOR OF THE PANCREAS* 


A ROENTGENOGRAPHIC EVALUATION 


By WARREN M. RUSSELL, M.D., and ALEXANDER R. 


MARGULIS, M.D. 


SAN FRANCISCO, CALIFORNIA 


O A large extent, detection of pan- 

creatic tumors depends on abnormal:- 
ties demonstrated in the contrast-filled duo- 
denal loop.?* Tumors of the pancreas as 
large as 15 cm. or more are missed with dis- 
turbing frequency on routine examinations 
of the gastrointestinal tract. Converselv, 
small tumors, measuring from 2 to 4 cm., 
mav,on occasion, be easily detected.? This 


apparent discrepancy is assumed to be re- 
lated to the proximity of the growing tumor 
to the duodenal loop. A simple experiment 
designed to evaluate the validity of this as- 
sumption is presented. 


METHOD 


A. A model of the pancreas was recon- 
structed trom a block of toam rubber. An 





lic. 1. (4) Foam rubber model of the pancreas with a “duodenum” of soft rubber cemented to periphery. A 


small balloon is in place in the center of the head of “pancreas,” 


ut is not inflated. Measurements indicate 


inches. (5) Balloon partially inflated with 40 ml. of water. No distortion of duodenal loop. Number in 
lower left refers to milliliters of water in balloon. (C) Balloon distended to 80 ml. No change. (D) Balloon 
fully distended with 120 ml. of water. Slight effacement of “duodenal folds." 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
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18 inch Penrose drain, 1 inch in diameter, 
was used to simulate the duodenal loop. 
Slightly smaller rubber bands were ce- 
mented to this rubber tube at regular inter- 
vals to simulate mucosal folds. The Penrose 
drain was then filled with water, but not 
distended, producing a soft pliable tube. 
Ihis was attached to the model of the pan- 
creas with rubber cement (Fig. 1 4). A 
small, thin-walled balloon was alternately 
inserted into the model at three locations: 
(a) at the midpoint of the “head,” 14 inches 
from the “duodenal loop" (Fig. 1 Æ); (b) at 
l 


the inferior margin of the head, 4 inch from 


the transverse portion of the “duodenum” 


(Fig. 2 7); and (c) at the right margin of 


the head, $ inch from the descending ''duo- 
denum” (Fig. 2 C). In each position the bal- 
loon Was distended with water to various 
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volumes, and roentgenograms were ob- 
tained. 

D. To demonstrate the validity of these 
observations, the same small balloon was 
introduced into fresh specimens of human 
pancreas, still attached to the duodenal 
loop. The duodenum was sutured and 
closed at both ends and filled with a 10 per 
cent solution of hypaque. The balloon was 
distended with either water or the diluted 
hvpaque solution, first at the center of the 
head of the pancreas 14 inches from the 
loop (Fig. 3 4) and then in the periphery 4 
inch from the descending duodenum (Fig. 
4. 4). 


RESULTS 


A. When the balloon was distended in 
the center of the reproduced pancreatic 





Fic. 2. (4) Balloon in periphery of pancreas model near loop. A small amount of distention with 10 ml. of 
water has resulted in slight flattening of "mucosal folds." (5) Balloon distended with 20 ml. of water. 
Definite flattening of folds. (C) Balloon in inferior margin of model. Distention with 10 ml. of water pro- 
duces slight deformity of duodenal loop. (D) Distention with 20 ml. of water produces definite deformity. 
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lic. 5. (4) Small balloon placed in the center 
of « fresh specimen of human pancreas with 
the duodenum attached. Distention with 3c 
ml. of water produced no deformity. (B) 
Distentron. with 60 ml. of water. Still no 
deformity of duodenum. (C) Only the great- 
est distention of balloon, with go ml. of 
water, produces deformity of the duodenal 


lk OD, 


lic. 4. (4) Balloon placed in periphery of 
another fresh human pancreas. (B) Slight 
distention with § ml. of 10 per cent hypaque 
solution results in definite deformity of 
duodenal loop. (C) Distention to 30 ml. pro- 
duces a marked deformity. 
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head, slight effacement of the “mucosal 
folds" was produced only when the "tu. 


mor” volume reached 120 ml., a diameter 
of 24 inches (Fig. 1, B, C and D). With the 
balloon in the peripher v, distention of the 
"tumor" to a volume of 20 ml., a diameter 
of 14 inches, caused definite deformity in 
the adjacent “duodenal loop" (Fig. 2, B 
and D). 

B. Identical results were produced in the 
fresh specimens of human pancreas. In a 
central position, no deformity was produced 
in the contrast-filled duodenum until the 
volume reached go ml., 2 inches in diameter 
(Fig. 3, B and C). When the balloon was 
placed more pu distention to onlv 
5 ml., a diameter of ł inch, produced defi- 
nite deformitv of the duodenal loop (Fig. 4, 
B and C). 

The effects of spasm or local invasion 
were not simulated in the experiment. 
Spasm observed in barium examinations 
may arouse suspicion of duodenal irritation, 
but may also obscure a small extrinsic de- 
tormitv of the duodenal loop. 


CONCLUSION 


The early detection of pancreatic tumors 
remains a major diagnostic problem as 
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much aay as when so described by Rigler’ 
in 1933. Until ade: juate direct means of 
A examination of the pancreas are 
discovered, secondary findings in adjacent 
organs must provide the necessary informa- 
tion. This simple experiment emphasizes 
that location of the tumor in relation to 
visualized organs, particularly the duo- 
denum, is often more significant than is 
absolute size. Detection of small tumors de- 
pends on a fortuitous site of origin. 


Warren M. Russell, M.D. 
Department of Radiology 

San Francisco Medical AUN 
San Francisco, California 94122 
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ROENTGENOLOGIC POSSIBILITIES IN 
SPLEEN DIAGNOSIS* 


By J. ROSCH 


PRAGUE, CZECHOSLOVA KIA 


OENTGENOLOGIC examinations are 
not as yet fully utilized for the diagno- 
sis of diseases of the spleen. The radiologist 
is usually asked only to determine whether 
surrounding organs have been attected or to 
ascertain the size of the spleen. However his 
capabilities go far beyond that. It 1s not 
only possible by a roentgenographic exami- 
nation to assess the exact size of the spleen 
and demonstrate clinically undetectable 
enlargement, so-called roentgenologic sple- 
nomegalv, but, also, frequently to deter- 
mine the cause and character of the enlarge- 
ment. 

A number of methods are at the radiolo- 
gist’s disposal for the examination of the 
spleen. Some of them yield general informa- 
tion while others, particularly special ex- 
aminations, provide extremely precise and 
diagnostically unequivocal data. As a rule, 
several examinations must be used for an 
accurate diagnosis. The selection of meth- 
ods is determined bv the clinical situation 
and laboratorv results, especially the hema- 
tologv. The roentgenologic evaluation must 
be as complete as possible. 


PLAIN ROENTGENOGRAPHY OF THE CHEST 


The examination of the spleen should 
begin with a roentgenogram of the chest in 
the course of which special attention 1s paid 
to the left hemidiaphragm, the base of the 
lungs, the hilar regions and the mediasti- 
num. In splenic disease and especially in 
marked splenomegaly or acute conditions, 
it is sometimes found that the left hemi- 
diaphragm is elevated, deformed or re- 
stricted in movement; the left lung field 
may show hypoventilation with plate-like 
atelectasis and sometimes a small pleural 
effusion may be noted. In the study of the 
hilar regions and mediastinum, it 1s neces- 


sary to place emphasis on enlarged lymph 
nodes. 


PLAIN ROENTGENOGRAPHY OF 
THE SPLEEN 

The plain roentgenogram represents the 
basic examination of the spleen. It should 
be a routine procedure and is as indispens- 
able as the blood test. It provides informa- 
tion about the position, size and shape of 
the spleen and sometimes also about the 
disease processes affecting it. It also shows 
changes in the surrounding organs from 
which indirect inferences may be drawn 
regarding the shape of the spleen and its 
enlargement. 

The plain roentgenogram usually shows 
the lower half of the spleen. Its upper part, 
much of which extends into the medial 
direction is, as a rule, covered by the fundus 
of the stomach. The upper pole of the 
spleen usually lies 2 cm. trom the spinal 
column and mav sometimes be seen in the 
gastric air bubble. The position of the 
spleen depends to a great extent on the 
physical constitution of the individual. In 
the hvpersthenics, the spleen is often placed 
high and sometimes quite transversely. In 
asthenics it lies more to the side and verti- 
cally. However, respiratory movements, 
the filling of the surrounding organs, and 
the patient's position during the examina- 
tion also affect the position of the spleen. In 
order to determine the size of the spleen, 
the length and width are usually measured. 
The length is measured from the lower pole 
to the highest point of the spleen; its nor- 
mal value ranges between 8 and 14 cm. The 
width of the spleen is determined by mea- 
suring its widest transverse point rectangu- 
larly to the length; the normal values are 3 


) 
to 7 cm. Though not exact, these figures 


* From the X-Ray Department, Central Army Hospital, Prague, Stresovice, Czechoslovakia. 
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Fic. 1. Plain roentgenogram showing perisplenitis 
calcarea. 


make it possible to form an approximate 
idea as to the size of the spleen.? 

It the spleen is affected by a disease 
process, the plain roentgenogram mav show 
various changes in the spleen itself and 
secondary changes in the surrounding 
organs. An enlargement of the spleen is 
found as the most frequent abnormality; 
changes in position and calcification are 
found less often. The extent of the enlarge- 
ment often affects the shape of the enlarged 
spleen; however, in slight splenomegalv the 
shape is preserved. Massive splenomegalv 
shows enlargement mostly in the longitudi- 
nal direction and in the lower half. Exten- 
sive focal disease processes in the spleen 
usually cause an irregular enlargement and 
an atypical form of splenomegaly. Splenic 
calcifications are often typical for particu- 
lar diseases and from their appearance the 
disease process may be established.?. 1>? 

There are certain characteristic findings 
in the calcifications of the wall of the 
splenic artery (Fig. 3, £ and B) and its 
aneurysms, calcifications of the splenic 
capsule (Fig. 1) and subcapsular hema- 
tomas, sometimes also of parasitic and 
nonparasitic cysts, as well as in calcifica- 
tions of infarcts and phleboliths of the 
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spleen. The appearance of splenic calcifica- 
tion and associated hepatic calcification 
with calcification of intra-abdominal lymph 
nodes may often lead to the diagnosis of 
abdominal tuberculosis. A recollection of 
the classic findings may help in detecting 
the previous administration of thorotrast 
(Fig. 2) or mercurial poisoning.’ Splenic 
calcification should be distinguished from 
calcifications in the lungs, rib cartilages, the 
left lobe of the liver, calcified lymph nodes, 
adrenals, nephrolithiasis and pancreatic 
lithiasis or calcification. 


SUPPLEMENTARY METHODS 


[nsufflation of the large intestine is a valu- 
able supplement of plain roentgenography 
(Fig. 4). The splenic flexure of the colon 
lies in a large part against the medial sur- 
face of the spleen and its filling usually 
outlines the spleen adequately. This exami- 
nation makes it possible to ascertain the 
size, shape and position of the spleen and 
differentiates it from other enlarged soft 
tissue densities in the left hypochondrium. 
The simplicity and ease of execution to- 
gether with the valuable information which 
may be obtained from it make insufflation 
of the large intestine indispensable in the 
diagnosis of splenomegaly. When insufila- 





Fic. 2. Plain roentgenogram showing thorotrastosis 
of the spleen. 





Fic. 3. (4) Plain roentgenogram showing arteriosclerosis of the splenic artery with calcifications of 
the wall. (B) Selective arteriogram. 


tion is performed, however, the colon must 
not be overfilled as overdistention wall 
cause overlapping of the spleen and dith- 
culty in evaluation. Splenomegaly causes 
the contour of the hepatic flexure to alter. 
There is downward and medial deflection 
and deformitv which conforms to the con- 
tour of the spleen. The contour of the 
splenic flexure must be considered in rela- 
tion to the appearance of the rest of the 
large intestine. 

Insufflation of the stomach also supple- 
ments the examination of the spleen and 
renders a more precise delineation of the 
shape of the spleen than the plain roent- 
genogram. The spleen is best visualized 
when the patient is in the right lateral 
position and horizontal beam 1s used. When 
barium is employed the spleen is best seen 
either in upright or supine position with the 
patient in the left anterior oblique position. 


Fic. 4. Normal sized spleen with insufflation of the 
large intestine. L=length; W — width of the spleen. 





The gastric contour is often altered by 
indentation of a spleen of normal size, 
especially in the region of the fundus and 
body of the stomach (Fig. §). Sometimes 


| 


| 





Fic. §. Distortion of the stomach and the large in- 
testine due to a markedly enlarged spleen. 


the fundus is slightly flattened and com- 
pressed laterally and dorsally and the 
spleen may be wedged to a varied degree 
between the fundus and the hemidia- 
phragm. Shallow or deep impressions of the 
greater curvature in the region of the body 
of the stomach are seen, and, with enlarge- 
ment of the spleen, these changes become 
more accentuated in the direction of en- 
largement. Occasionally, the fundus is 
completely separated from the diaphragm 
and, if the spleen is markedly enlarged, 
changes of the cardia and of the lower part 
of the esophagus may also be present. On 
the whole, the stomach is deflected medially 
for a varving distance. If the liver is en- 
larged simultaneouslv, pressure is exerted 
on the stomach from both sides causing the 
upper part to become narrowed. The lower 
part of the stomach in simultaneous hepatic 
and splenic enlargement is elongated and 
extended. The contour of the stomach in 
splenomegaly is generally smooth but in the 
case of irregularities in the splenic contour 
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or interposition of enlarged lymph nodes, 
an irregular contour is seen. 

In the differential diagnosis of splenomeg- 
aly, intravenous or retrograde pyelography 
may be necessary but we have found arteri- 
ography to be superior to either of these 
(Fig. 6). Splenomegaly may cause changes 
in the contour and position of the left kid- 
ney. In extreme cases of splenomegaly, 
there may be displacement of the left kid- 
ney as far as the right half of the abdomen 
and enlargement of the lower pole of the 
spleen may cause upward displacement of 
the left kidney. In addition to displace- 
ment, there 1s usually deformity of the 
pelvicalyceal system of the left kidney and 
of the upper part of the ureter. There may 
be compression of renal vessels which re- 
sults in functional disturbance. 

Diagnostic pneumoperitoneum (Fig. 7) 
may be used for the precise detection of 
spleen morphology and especially for the 
differential diagnosis of the left subphrenic 
region. This is particularly helpful when 





Fic. 6. Renal arteriogram showing medial dislocation 
of the left kidney due to a markedly enlarged 
spleen. 
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combined with insufflation of the stomach, 
and it reliably distinguishes primary 
changes in the wall of the stomach from 
changes caused by the spleen. It is sufficient 
to use 800 to 1,000 ml. of gas, preferably 
carbon dioxide. In pneumoperitoneum the 
spleen is best visualized by vertical beam if 
the patient is prone and by horizontal 
beam in the right lateral position. The 
splenic contour, which is well outlined by 
the surrounding gas, 1s usually smooth but 
there are occasional indentations on the 


Fic. 7. Multiple metastases of reticulum cell sarcoma 
of the stomach into the spleen. Diagnostic pneu- 
moperitoneum. 
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Fes. 8. Normal sized spleen in 
pneumoretroperitoneum. 





splenic hilus. From the lower pole of the 
spleen around the lateral side runs the 
phrenicocolic ligament. The pathologic 
changes best shown by pneumoperitoneum 
are enlarzement and changes in shape or 
outline. Protrusions and irregularities on 
the surface can sometimes be seen using 
this examination. Subcapsularly placed 
single foci of disease may also be detected. 
Adhesions are shown as slightly contrasting 
stripes of varying widths and in these in- 
stances the spleen will be fixed to the hemi- 
diaphragm or other surrounding structure. 

To ensure a more precise morphologic 
and topographic assessment of the spleen 
and for the purpose of differential diagno- 
sis, especially to clarify the relationship of 
the spleem to the left kidney and adrenal or 
to tumors of the retroperitoneum, it is 
preferable to carry out retroperitoneal air 
studies (Fig. 8). When the spleen is the 
point of interest, the right side is the best 
position for insufflation with 600 to 800 ml. 
of gas being sufficient. Laminagrams are 
made in the anteroposterior projection. The 
spleen is seen best at a distance of from 4 to 





Fic. 9. Splenoportogram showing massive spleno- 


megaly in a blood disease. 
tension." 


"Active portal hyper- 


11 cm. from the back, being very well sepa- 
rated from the kidnev and the adrenal in 
this view. Retroperitoneal air studies show 
the exact size of the kidnev; its length and 
width normally do not exceed 14 and 8 cm. 
respectively. To ascertain the size of the 
spleen in relation to its position and the 
physical tvpe of the patient, it is useful to 
measure the distance from the upper pole of 
the spleen to the spinal column, which is 


about 2 cm. normallv, and the distance of 


the spinal column from the outer wall of the 
thorax, which normally averages 13 cm.^? 


SPLENOPORTOGRAPHY 


Splenoportography is one of the most 
important special examinations. It helps in 
determining the cause and character of the 
disease of the spleen and especially the 

cause of enlargement. It 
splenomegaly accompanying 
systemic 
the spleen caused by liver disease or due to 
occlusion of the extrahepatic portal bed. In 
particular, it greatly facilitates the diagno- 
sis of occlusion of the splenic vein or of the 
portal vein. Splenoportography reveals the 
occlusion, its location, the extent and type 
of the collateral circulation and sometimes 
aids in finding the cause of occlusion. It is 
the principal method by which the therapy 
for the occlusion and the course of surgical 
intervention can be determined. The study 
also vields very important information 


distinguishes 
general or 
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about the perisplenic collateral circulation 
and warns of possible hemorrhage which 
may occur in splenectomy. Splenoportog- 
raphy is indicated in every case of sple- 
nomegaly where neither clinical nor any 
other examination could reveal its cause. In 
addition, it should also be carried out when 
the cause of the enlargement is thought to 
be portal thrombos's. The indications for 
splenoportographv should be evaluated 
with great care in blood disease as well as in 
suspected focal disease of the spleen. In the 
latter, it is better to carrv out splenic arteri- 
ography first and then resort to splenopor- 
tography, making certain that only un- 
attected parenchyma will be punctured 
during the procedure. 

În splenomegaly,  splenoportographv 
(Fig. 9) shows appearances characteristic of 
the individual disease process. In svstemic 
splenomegaly, there is the typical picture of 
"active portal hypertension” with enlarge- 
ment and prolongation of vascular trunks 
and with normal or augmented speed of 
flow in the portal bed. The collateral circu- 
latory system does not fill. Splenomegaly in 
liver disease is manifested mainly by 
changes in hepatic branches characteristic 
of the type and degree of the disease and 
may enable the precise diagnosis of the liver 
disease. Changes in the extrahepatic bed, 
especially congestion and filling of collateral 
vessels to a varied degree, are in this case of 
secondary importance. In extrahepatic 
portal occlusion, which is either congenital 
or caused by thrombosis or pressure from 
surrounding structures, deformation or 
amputation of the vein and the filling of the 
collateral vessels are the main features (Fig. 
10). The real cause of the occlusion may 
sometimes be deduced from changes in the 
region of the affected vein. The extent of 
collateral circulation and the type of filled 
collaterals make it possible to determine 
the degree of congestion in the portal bed. 


SPLENIC ARTERIOGRAPHY 


Apart from splenoportography, splenic 
arteriogi raphy is a special roentgenologic 
examination which is indispensable for the 
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detection of some diseases. It clearly re- 
veals the size, position and shape of the 
spleen and is the decisive examination for 
the diagnosis of changes in the splenic 
arterv, focal processes in the spleen and 
traumatic conditions of the spleen. It reli- 
ably demonstrates sclerosis, aneurvsm or 
thrombosis of the splenic arterv as well as 
benign or malignant tumor, infarct or 
abscess of the spleen which has reached 
detectable size; in addition, rupture of the 
spleen and the tvpe and extent of bleeding 
from the spleen may be recognized. The 
studv also gives some information about the 
portal bed and is very important in the 
differential diagnosis of calcification and 
tumors of the left epigastrium and mid- 
abdomen. Selective splenic arteriographv is 
an improvement over aortography as a 
method of examination. If affected by 
sclerosis, the splenic artery is usually elon- 
gated, tortuous and often has an irregular 
lumen. Aneurysms of the splenic artery 
may vary in character and may be solitary 
or multiple (Fig. 11). Their usual site of 
origin is at the bend of the trunk of the 
splenic artery or at the bifurcation of its 
branches. Aneurysms do not reach exten- 
sive dimensions and are not always uni- 
formly filled because of thrombi. The 
splenic artery is visualized extremely well 
in cases of splenomegaly. Splenomegaly 





Fic. 10. Perinatally originating occlusion of the 
portal vein with hepatopetal collaterals in the 
hilus of the liver and many hepatofugal collaterals 
in the region of the stomach, the esophagus, the 
retroperitoneum and 1n the perisplenic area. 
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l'16. 11. Multiple congenital aneurysms of the splenic 
artery, its hilus and intrasplenic branches. 


which is secondary to inflammatory, liver 
or blood disease usually shows profuse 
intrasplenic arterial branching with en- 
largement of the splenic artery itself, which 
has a prolonged and loop-shaped trunk. 
However, m splenomegaly with predomi- 
nant fibrosis, the splenic artery is less en- 
larged and the intrasplenic branching is less 
protuse and distorted, the branches being 
for the most part narrowed and rigid. Intra- 
splenic branches are also less profuse and 
distorted im the reticuloses, while in the 
parenchymatous stage defects of different 
size appear in the splenic opacitv. Focal 
disease processes in the spleen are demon- 
strated bv avascular areas and bv distor- 
tion of the surrounding arterial branches 
(Fig. 12, Æ and B). Splenic infarcts show 
avascular foci which are triangular in 
shape, usually with the apex of the triangle 
near the occluded artery. Cysts are round 
or ovoid and the surrounding branches 
appear ironed out, with atrophy of the 
surrounding parenchyma demonstrated by 
the lack of vascularity. This is shown in the 
parenchymatous phase of the filling as a 
defect in the contrast filled, unaffected 
parenchyma In the case of benign tumors 
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with a profuse arterial component, e.g., 
hamartomas and sometimes also malignant 
tumors, there are newlv formed tumor 
arteries with extensive networks. 

Arteriography in cases of splenic trauma 
depends on the character of the damage. 
Sometimes, it is possible to see the contrast 
material in the peritoneal cavity and some- 
times subcapsular or intraparenchymatous 
hematomata are manitested by avascular 
areas. Distortion of the surrounding splenic 
branches around a hematoma is often 
visualized and there may be contrast me- 
dium in the hematoma itself. 


HISTORIC METHODS 


There are reports in the literature about 
the functional examination of the spleen, 
which relies on the capability of the spleen 
to contract after the administration of cer- 
tain substances. The adrenalin test has 
been used and, more recently, a water test 
has been suggested. The diagnostic possi- 
bilities of these methods are probably mini- 
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mal and it is felt that they do not compare 
with angiographic methods. 
Hepatolienography has also been rele- 
gated to the background and the use of 
thorotrast which depicted the spleen and 
the liver well has been found to be toxic and 
has been excluded from modern diagnostic 
methods. At present, it is used very rarely 
as the method of choice in severe and life- 
endangering splenic thrombocytopenia, 
purpura or hemolytic anemia in patients 
who have not improved after splenec- 
tomv.'^ Such patients may have a patho- 
logic activitv in an accessory spleen which 
may only be demonstrated by the use of 
thorotrast. Other contrast substances em- 
ployed for hepatolienography such as 
iodine and fatty zcid compounds, among 
which iodosol was best known, have also 
been unsuccessful because of their toxicity. 


SUMMARY 


The significance of roentgenologic exami- 
nations for the diaznosis of disorders ot the 





Fic. 12. Splenic arteriograms showing rupture of the spleen with subcapsular hematoma. (£) Arterial 
phase; (B) parenchymatous phase. 


Vot. 94, No. 2 Roentgenologic 
spleen is evaluated and the various meth- 
ods of examination are discussed. 

These methods include plain roentgenog- 
raphy of the spleen, chest roentgenogi raphy 
and examinations of the large intestine, 
stomach and kidney. 

Pneumoperitoneum and retroperitoneal 
air studies with emphasis on splenoportog- 
raphy and arteriography are also discussed. 

A brief résumé of historic methods such 
as the functional examination and hepato- 
lienographv is given. 


The typical findings in various diseases of 


the spleen are presented. 


V. Borcove 2 
Prague 6-Brevnov 
Czechoslovakia 
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ENLARGEMENT OF THE LIVER AND SPLEEN 
BY RADIOLOGIC AND CLINICAL METHODS* 


By PAUL A. RIEMENSCHNEIDER, M.D., 


SYRACUSE, 


qe purpose of this study was to 
evaluate the relative accuracv of the 
determination of liver and spleen size bv 
clinical and radiologic methods most com- 
monly available, namely, plain radiog- 
raphy of the abdomen and the physical 
examination. 

Classically, clinical enlargement of the 
spleen and liver has been determined by 
the degree of palpability below the costal 
margin, by the location of the palpable por- 
tion, by the area of dullness to percussion, 
and bs the height of the diaphragm. In the 
majority of physical examinations, how- 
ever, only the number of centimeters which 
the organ is palpated below the margin 1s 
recorded. This then constitutes the sole 
clinical criterion utilized in this study. 

Radiographically, the spleen size is or- 
dinarilv related to the position of the 
splenic flexure and stomach, to the ob- 


served outline of the organ seen by virtue of 


the contrast of the fat surrounding its cap- 
sule, and to the height of the diaphragm. 
The size of the liver is judged by displace- 
ment of the lesser curvature of the stom- 


ach, by the position of the right flexure of 


the colon, and by the height of the dia- 
phragm as well as by direct observation. All 
these factors are used by the radiologist in 
making a subjective impression of size or in 
any system of measurement of these or- 
gans, used to predict their size. 


MATERIAL AND METHOD 


This study is based on an evaluation of 


the records of 47 patients seen during the 5 
year period, 1957 to 1961. All of these pa- 
tients had at le ast one and usually several 
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clinical examinations, a roentgenogram ot 
the abdomen within a period of 6 weeks 
prior to death, and a postmortem examina- 
tion. A normal-sized liver was accepted as 
one which at postmortem examination 
weighed less than 2,000 gm. and a normal- 
sized spleen was accepted as one weighing 
less than 200 gm. 

On the medical chart frequently several 
physical examinations were recorded. The 
examination which was carried out bv the 
most experienced house officer was ac- 
cepted for this study since this contained 
both positive and negative information and 
seemed, therefore, to be the most reliable. 
Clinical enlargement of the liver or spleen 
was accepted on the basis of palpability. 

The original reports of the abdominal 
roentgenograms were reviewed for evalua- 
tion of liver and spleen size. If on the report 
there was no mention of spleen or liver, it 
was assumed that they had been considered 
to be normal in size. This constituted the 
subjective radiologic approach. 

The roentgenograms were then reviewed 
without knowledge of the weight ot the 
organs and an attempt was made to outline 
the margins of both liver and spleen. 1n all 
cases except one, the margin of the liver 
could be readily visualized. In 20 of the 47 
patients, however, the shadow of the spleen 
could not be adéquatels visualized. 

Several measurement svstems were con- 
trived in order to estimate mathematically 
the size of these organs on the basis of the 
abdominal roentgenograms. After the first 
30 cases were examined by these several 
methods, the most accurate methoc was 
continued for the remainder. The final 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 
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measurement svstems used were as follows 
(Fig. 1): When the tip of the spleen could 
be identified, a vertical line was drawn from 
it to the left hemidiaphragm and this dis- 
tance was considered to be the height ot the 
spleen. Seven centimeters cephalad from 
the trp of the spleen, a line was drawn per- 
pendicular to the height from the medial 
surtace of the spleen to the inner border of 
the lateral rib cage. The spleen was then 
treated as a cylinder so that this measure- 
ment was halved, squared and multiplied 
by the height. The index figures obtained 
closely approximated the actual weights of 
the spleens (Table 1). 

The spleen extends farther mediad than 
is usually appreciated and its medial border 
is outlined by the perirenal fat. Most 
authors have accepted the medial border, 
which is often outlined bv the air-filled 
transverse colon or bv virtue of fat con- 


trasting its border (Fig. 1), as the anterior 

edge of the spleen. (The details of the 

splenic shadows are to be fully described in 
fu 


ture publication.) 


iu 
à 





Fic. 1. Drawing showing lines used in measurement 
of liver and spleen volume. (1) Area of phrenico. 
colic ligament, related to the most inferior portion 
of the spleen; (2) anterior edge of spleen, related 
to the mesenteric portion of “splenic flexure.” 
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The tip of the liver was identified and a 
line was drawn from this tip paralleling its 
visible lower margin to its point of esti- 
mated contact with the shadow of the dia- 
phragm. A perpendicular was drawn from 
this line te the lateral portion of the right 
diaphragm, the exact position of this per- 
pendicular being selected to give it maxi- 
mum length. The liver was treated as a 
cone, the distance across the base being 


It is apparent that many factors could be 
operating to invalidate this method of 
evaluating accuracy of determining organ 
size, the most serious perhaps being the 6 
week interval in some cases between ob- 
servation and postmortem examination, 
with, in ether cases, significant changes 
occurring in the immediate premortem 
period. All three methods, however, have 
the same potential source of error and 
would be atected in a similar manner. 


RESULTS 


The results obtained are shown in Table 


6 
SPLEEN 
On the basis of clinical examination, 3 


spleens were described as being palpable 
and all 3 of these were found to be enlarged 
at postmortem examination with weights 
varving from 350 to 680 gm. There was, 
however, no good correlation of the actual 
weights of these 3 spleens with the degree 
of palpabil tv as described on the basis of 
the clinical examination. No case was 


Klinefelter have presented evidence that 
this occurs and certainly many clinicians 
have had che experience in hvpersthenic 
individuals of palpating a spleen, which 
clinically was felt not to be significant. The 
remaining 44 spleens were described as not 
being palpable. Fifteen, or approximately 
one-third of these, were actually larger 
than normal, their weights varying from 
200 to & 50 gm. Two additional spleens were 


TABLE | 
CLINICAL ANE RADIOLOGIC EVALUATION OF LIVER AND SPLEEN SIZE COMPARED TO ACTUAL WEIGHT AT AUTOPSY 





















Liver Spleen 
Clinical | Subjective | Measure- Actual Clinical | Subjective | Measure-| Actual , 
Evaluation | Radiology ment Weight || Evaluation | Radiology | ment | Weight 

1 2 Oo 1,245 1,700 Oo 250 

2 2 Oo 1,245 I,550 o 9o 

3 6 cm. Shght f 2,590 2,750 8 cm. 550 

4 > © 868 1,185 © 20 

5 2 o I ,090 1,450 o 175 

6 D o 1,280 1,200 o 120 

7 D O I,980 1,550 o 125 

8 D O 2,020 2,200 O O 

9 4 em. O 2,050 2,200 O 332 
10 2 re 1,870 1,800 o 150 
II 2 cm. o 930 1,450 o o 150 
12 6 2m. Slight f 1,630 2,130 2 cm. Slight 1 680 
13 3 zm. o 1,250 I,450 Oo 2 150 
I4 I cm. Marked 3,340 3,620 Oo Suggestive I4O 
15 8 =m. Some 2,480 2,900 440 
16 8 =m O 1,175 I,640 150 
17 D O 15120 1,580 140 
18 2 o 1,725 2,950 850 
19 2 o = I , 500 375 
20 2 o I ,200 I ,300 175 
21 2 O 2,300 I,700 175 
22 D Oo 14950 1,400 120 
23 8 =m. o 1,520 1,600 200 
24. 6 zm. Minimal 3,050 35256 310 
25 0 o 2,150 I,950 475 
26 4 zm o 2,470 1,650 140 
27 © O 4,700 1,200 $00 
28 0 o 5,950 2,300 720 
29 9 .9 2,170 1,375 500 
30 o O 1,800 2,000 190 
31 o O 1,980 O — 270 
32 o o 2,070 o — 125 
33 Io cm O I,420 o 343 <50 
34 o Q 24955 o — 190 
35 O O 1,850 O me o 
36 O o 975 o 140 80 
37 Q Oo 1,095 Q 99 LOO 
38 O © 1,027 O — 80 
39 o o T ,030 O — c20 
40 Oo Oo I,O0O00 Oo 144 go 
4I Oo o 2,250 © O — 160 
42 Q O 1,080 O O 120 150 
43 4cm o 14956 o O II2 IOO 
44 o o 1,245 o O — S10 
45 o o 2,550 Oo O 200 220 
46 o (e I,330 Oo (e 108 40 
47 4 cm. O 1,340 O © — =00 
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borderline in weight, leaving a conclusion 
that, when a spleen is described as not be- 
ing palpable on clinical examination, this 
by no means excludes enlargement (Fig. 2 
and 3). 

In comparison with this, the opinion of 
the radiologist as recorded on the original 
report was examined. Ín 4 patients the 
spleen was recorded as enlarged; in 3 ot 
these it was definitely enlarged, weighing 
from 500 to 680 gm. One spleen described 
as minimally enlarged was actually well 
within normal limits. In 43 cases the size 
of the spleen was not mentioned. In 15 of 
these, the spleen was definitely. enlarged, 
weighing from 200 to 850 gm. Two spleens 
were borderline in size. Twenty-six of the 
spleens were actually normal in size. Thus, 
we can conclude that when enlargement of 
the spleen is not described on plain roent- 
genograms of the abdomen, splenomegaly 
cannot be excluded (Fig. 2 and 3). 

The roentgenograms were then examined 
in an attempt to measure the spleen. On 20 
of the studies the outline of the spleen was 
not clearlv visible. 
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Frc. 2. Bar graph demonstrating the relative ac- 
curacy of the three methods of evaluating spleen 
size, broken down into the diagnosis of enlarge- 
ment or normalcy. 
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Fic. 3. Over-all accuracy of the three methods dis- 


cussed in evaluating spleen size. 


It is usually held that the position of the 
splenic flexure, as seen on the frontal roent- 
genogram, reflects the size of the spleen 
since, if the spleen is enlarged, the splenic 
flexure must be depressed. The displace- 
ment of the stomach to the right is consid- 
ered another indication. [t is, therefore, 
felt that if the spleen is enlarged it should 
be seen on a roentgenogram of the abdo- 
men, either by virtue of its displacing these 
gas-filled structures or by direct visualiza- 
tion as a result of the fat around its capsule. 
Dell and Klinefelter came to this conclu- 
sion after a review of roentgenograms 
which, however, were centered in the area 
of the spleen and specifically. taken for 
evaluation of spleen size. 

Of 20 cases where the spleen could not be 
identified, 6 were definitely enlarged, weigh- 
ing from 210 to 830 gm. and 2 more were 
borderline in size. With knowledge of this 
splenic enlargement, these roentgenograms 
were again reviewed, and, even in light of 
this knowledge, no better delineation of 
these enlarged spleens could be noted. It 
would seem, therefore, that, if the splenic 
shadow is not identifiable on a plain roent- 
genogram of the abdomen, no conclusions 
can be drawn as to whether the spleen is 
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Fic. 4. Bar graph demonstrating the relative ac- 
curacy of the three methods in evaluating liver 
size, broken down into the diagnosis of enlarge- 
ment or normalcy. 


enlarged or normal in size. It also became 
apparent that the anatomic splenic flexure 
is not that portion of the colon which 1s 
radiographicallv called the splenic flexure, 
and, actually, in many cases the "radio- 
graphic splenic flexure" resides anterior to 
the enlarged spleen, as does the stomach. 
The position of the flexure, therefore, is a 
poor criterion for judging splenic enlarge- 
ment; by using this criterion manv enlarged 
spleens will be overlooked. 

In those situations where the spleen was 
visible, an attempt was made to give à 
quantitative value to the size of spleen; the 
results are shown in Table 1 and Figures 2 
and 3. By this method 12 spleens were 
measured and were noted to be definitely 
enlarged, and of these the weights of 10 
were above the normal limit of 200 gm. This 
gives an 83 per cent accuracy of true en- 
largement in this series when the spleen 
was considered enlarged on the basis of this 
quantitative measurement. In 15 instances 
the spleen measured normal in size. Four- 
teen of these weighed within normal limits, 
i spleen weighed 310 gm., giving a 93 per 
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cent accuracy of normal weight when the 
spleen was measured as normal in size. If, 
however, one includes the 20 spleens which 
were not visualized, and considers non- 
visualization as a criterion for normalcv, 
the accuracy of this measurement decreases 
to approximately 69 per cent (Fig. 2 and 3). 


LIVER 


The clinical evaluation of the liver was 
similarly studied. In 14 instances the liver 
was described as being palpable and in only 
6 of these was the liver actually enlarged 
bv weight. The degree of extension below 
the costal margin seemed to bear verv little 
or no relationship to the actual weight of 
the liver. Thus, palpability of the liver 
alone is a poor criterion for enlargement 
(Table 1; Fig. 4 and 5). 

The remaining 33 patients were de- 
scribed as having a nonpalpable liver. In 6 
of these, the liver was enlarged and in 1 it 
was bor ders. in size, giving a 78 per cent 
accuracy if one assumes that the liver is 
normal in size when it 1s not palpable 
(Table 1; Fig. 4 and 5). 

The roentgenogr raphic reports were ana- 
lvzed for the subjective impression of the 
radiologist. In 3 cases the liver wes de- 
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scribed as being enlarged, and in each of 
these it was definitely enlarged by weight. 
In the remaining 42 patients, the liver was 
not mentioned. Seven had livers which were 
enlarged and 1 was borderline, giving an 
accuracy rate of approximately 85 per cent 
if one assumes that the lack of mention of 
liver size on roentgenograms means that the 
liver is normal in size (Table 1; Fig. 4 and 
5). 

An attempt was also made to measure 
the livers by using the method described in 
this paper. This showed 16 livers to be en- 
larged, of which only 8 were actually en- 
larged by weight, an accuracy rate of 50 per 
cent. Again, no good correlation was noted 
between the apparent degree of enlarge- 
ment by measurement and the actual en- 
largement by weight. Of the cases, however, 
showing the liver to be normal by this 
method, 26 of 30 were actually normal in 
size and 2 of the remaining 4 were border- 
line, giving an accuracy of approximately 
87 per cent (Table 1; Fig. 4 and 5). 


CONCLUSIONS 


An attempt was made to evaluate clini- 
cal and radiologic estimates of enlargement 
of the liver and spleen. For this purpose, 
reports of physical examinations, roent- 
genographic reports and plain roentgeno- 
grams of the abdomen were studied and 
compared. Àn attempt was also made to 
provide a system of measurement of both 
liver and spleen which would take into 
consideration the 3 dimensional geometric 
shape of these organs. A description of the 
method is given. Realizing that organ size 
can change immediately premortem (which 
change should affect all methods equally) 
and that the radiologic evaluation 1s based 
on plain roentgenographic examination of 
the abdomen, and not on roentgenograms 
centered over the liver and spleen, the fol- 
lowing conclusions are drawn: 

1. Palpability of the spleen probably 
means definite enlargement. A nonpalpable 
spleen, however, does not necessarily indi- 
cate a normal-sized spleen. The experience 
of others, that, on occasion, a palpable 
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spleen may be normal in size, although not 
verified in this studv, is recognized. 

2. Enlargement of the spleen as de- 
scribed subjectively by the radiologist 1s 
fairly good evidence of enlargement al- 
though perhaps not as accurate as definite 
palpability. The lack of mention of roent- 
genographic enlargement, however, 1s not a 
particularly good indication of the normal 
size of the spleen. 

3. The method described for measuring 
the spleen proved to be most accurate both 
in the determination of enlarged and 
normal-sized spleens. 

4. The lack of visualization of the spleen 
or the demonstration of the “radiographic 
splenic flexure” of the colon in apparently 
normal position on a frontal plain roent- 
genogram of the abdomen should not be 
interpreted as evidence that the spleen 1s 
within normal limits in size. This is not 
necessarily contradictory to Dell and Kline- 
felter's? experience since their roentgeno- 
grams were specifically made for evaluation 
of spleen size and, therefore, were centered 
over the spleen. 

5. Enlargement of the liver as deter- 
mined by palpability is a poor method for 
evaluation of hepatomegaly. Liver enlarge- 
ment as ruled out by lack of palpability 1s 
somewhat more accurate. These results are 
probably due to the frequent failure to take 
into account the position of the diaphragm 
when assessing the significance of a pal- 
pable liver and the lack of a good method 
for clinically evaluating its transverse 
diameter. 

6. The subjective description of hepa- 
tomegaly by the radiologist is a relatively 
accurate conclusion when used in a con- 
servative fashion. The lack of demonstrable 
enlargement of the liver on roentgenograms 
is also relatively accurate. This appears to 
be more reliable than either measurement 
or palpability. 

7. The method of measurement as de- 
scribed is not a particularly accurate 
method for evaluation of enlargement of 
the liver. In fact, a considerable number of 
normal-sized livers were judged to be en- 
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larged by this method. On the other hand, 
it does appear to be a reasonably good 
method for ruling out the presence of 
hepatomegaly. 

Paul A. Riemenschneider, M.D. 

Department of Radiology 

Santa Barbara Cottage Hospital 


320 W. Pueblo Street 
Santa Barbara, California 
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IHE RADIOIODINATED ROSE BENGAL LIVER SCAN 
AS AN AID IN THE DIFFERENTIAL 
DIAGNOSIS OF JAUNDICE* 


By W. R. EYLER, B. M. SCHUMAN, L. A. Du SAULT, and R. E. HINSON 


DETROIT, MICHIGAN 


^] HE rose bengal I?! hepatic photoscan 

is an examination providing not only 
anatomic, but also physiologic information 
about the liver. Because rose bengal is re- 
moved from the blood stream by the fune- 
tioning polygonal cells of the liver and is 
excreted through the biliary tree into the 
intestinal tract, it supplies data not avail- 
able tollowing the use of colloidal gold 
which 1s taken up bv the reticuloendothe- 
lial svstem, or molybdenum which enters 
the biliary tree in only minimal amounts. 
The usefulness of this test in detection of 
intrahepatic lesions has been previously 
described by others.** Its application to 
clinical problems relating to Jaundice will be 
related. 


METHOD AND MATERIALS 


The day following blocking of the thy- 
roid with Lugol’s solution, 1.8 uc of radio- 
iodinated rose bengal/kilogram of body 
weight is given intravenously. Twenty 
minutes after injection, scans are started 
shghtly above the upper margin of the 
liver, to include part of the heart, and cover 
an area of the left upper quadrant so that 
radioactivity in the small bowel and/or 
kidnevs can be depicted. If these structures 
are not seen on the first scan, progress 
scans are done at 6 and, if necessary, at 24 
or more hours later. Ordinarilv, one de- 
laved scan will solve the problem cf 
whether an obstruction is complete or par- 
tial and whether the first scan showed ac- 
tivitv in the left kidnev or the small bowel. 
Scan speed 1s adjusted to record 8o counts 
per centimeter. The photoscans are viewed 
by closed circuit television using variable 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, Se 


October 2, 1964. 


contrast. To be suitable for this viewing, 
the scan is made with slightly lower density 
than is usual so a standard x-ray illumina- 
tor provides enough light to penetrate all 
parts of the scan. A low contrast scan is 
made to avoid discarding information or 
emphasizing statistical variations. Only an 
anterior scan 1s done as a rule although on 
a few occasions a lateral scan was made to 
aid in identifving the kidneys. 

Seventy-five hepatic photoscans of 72 
patients with clinical jaundice and an ele- 
vation of the total serum bilirubin above 
1.0 mg. per cent have been reviewed. The 
scans have been analyzed for the following 
features: 

a. Size, shape and position of the liver 
and correlation with a plain roentgenogram 
of the abdomen. 

b. Intrinsic pattern of the liver. This 
may be described as either uniform (nor- 
mal) or patchy (abnormal). The patchy 
scan 1s due to areas of reduced activity in- 
terspersed randomly with the areas of 
active uptake of the isotope. A distinction 
from multiple masses within the liver can 
be made reliably. 

c. Presence of discrete areas of nonfunc- 
tion within the liver. Tumor, abscess, cvst 
and infarct mav be responsible for this find- 
ing. 

d. Presence of visible pattern of the bil- 
tary radicles, shown either on the early 
scan as a pattern of diminished activity or 
on a late scan by a pattern of increased 
activity when the active material moves 
from the parenchymal cells into the biliary 
system. Dilated ducts are more readily 
recognized. 
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e. Filling of the gallbladder. 

f. Presence of the isotope in the small 
bowel. 

g. Presence of the isotope in the colon. 

h. Identification of the isotope in the 
kidnevs. This occurs when there is delay in 
the excretion of the rose bengal bv the liver. 


DISCUSSION AND ILLUSTRATIVE CASES 


Wagner e al.* have pointed out the value 
of correlation between the scout roentgeno- 
gram of the abdomen and the hepatic scan. 
Whether a mass palpable in the upper ab- 
domen is a part of the liver or simply lies 
adjacent to it may be resolved bv a com- 
parison of the scan with the abdominal 
roentgenogram. 


Case 1 (Fig. 1, Æ and B). A 65 year old white 
female presented with nausea, vomiting, fever 
and chills. Examination. disclosed right upper 
quadrant tenderness with a palpable mass, sug- 
gesting either a greatly enlarged gallbladder or 
enlargement of the liver. The hepatic scan 
showed that the mass was deforming and com- 
pressing the parenchymal structures of the 
right lobe of the liver inferiorly but that the 
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gallbladder lay medial to the mass. There were 
also areas of diminished activity in the superior 
portion of the right lobe and just to the left of 
the midline in the left lobe. The diagnosis of 
multiple liver abscesses was made by scan and 
clinical findings and it was confirmed by 
needle aspiration. Anaerobic streptococci grew 
on culture of the aspirate. 


The intrinsic pattern of the liver indi- 
cates whether or not there is diffuse paren- 
chymal disease such as cirrhosis or hepati- 
tis. On occasion, the differential diagnosis 
from multiple metastases may be trouble- 
some. Christie e a/.! have attributed the 
inhomogeneous pattern in cirrhosis to low 
count rate, high background cut-off and, or 
low dot factor. While the patchv pattern 
can be produced by such a technique, the 
method described above has avoided this 
pitfall. 


Case mn (Fig. 2). A 44 year old jaundiced 
white female presented with severe upper ab- 
dominal pain of 4 days’ duration. The total 
bilirubin was 19.2 mg. per cent. The rose bengal 
hepatic photoscan showed an inhomogeneous 
pattern throughout the liver and activity in the 





Frc. 1. Case 1. Multiple hepatic abscesses, the largest in the lower portion of the right lobe. (4) January 17, 
1964. Anterior rose bengal hepatic photoscan. The liver is enlarged. There is a large defect in the lower 
portion of the right lobe and smaller areas of diminished activity in the upper portion of the right lobe and 
in the left lobe. The gallbladder is seen Just medial to the large defect. (B) A roentgenogram of the right 
upper abdomen shows a large mass in the region of the right lobe of the liver which by hepatic scan is 


shown to be within the liver. 
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Fic. 2. Case ir. June 7, 1962. Anterior rose bengal 
hepatic photoscan of a patient with infectious 
hepatitis. The photoscan shows an inhomogeneous 
or patchy uptake throughout the liver. There is 
good depiction of the heart in the upper midline 
portion of the scan. There is evidence of some ac- 
tivity in the region of the upper small bowel in 
the patient’s left upper quadrant. 


heart. There was no evidence of obstruction as 
the isotope was seen in the upper gastrointes- 
tinal tract on the 20 minute scan. This was a 
case of infectious hepatitis. 


The appearance of circumscribed areas of 
diminished activity in the liver scans of 
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jaundiced patients may be due to a variety 
of causes including neoplasm, abscess, cvst 
and infarct. Infarction of the liver 1s illus- 
trated in Case rir. 


Case in (Fig. 3, 4-D). The patient was a 
49 year old white female who entered the hos- 
pital because of progressive swelling of the ab- 
domen for 3 weeks. Physical examination dis- 
closed jaundice, abdominal swelling and edema 
of the lower extremities. The rose bengal hepat- 
ic photoscan showed large portions of the right 
side of the liver to be nonfunctioning. Subse- 
quently, an inferior venacavagram showed 
thrombi in the inferior vena cava extending to 
the right atrium. At autopsy, the diagnosis of 
Budd-Chiari syndrome was established. Throm- 
bosis of the left hepatic vein and multiple 
thrombi in small veins were demonstrated. 
Frank infarction was found in areas of the liver. 


Occasionally, portions of a normal sized 
biliary tree can be identified, but more often 
it is seen when enlarged by obstruction. 
Ducts are more readily seen when "hot" 
than when "cold." In 45 per cent of extra- 
hepatic biliarv obstruction cases, the duct 
svstem could be seen, as compared to only 
24 per cent in diffuse parenchymal disease. 


Case 1v (Fig. 4, 4 and B). A 60 year old 
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Fic. 3. Case ui. Budd-Chiari syndrome. (4) 
Roentgenogram of the upper abdomen show- 
ing a long slender right liver lobe extending 
well into the flank. (B) July 25, 1963. An- 
terior rose bengal hepatic photoscan show- 
ing large portions of the right lobe of the 
liver to be nonfunctioning. The right costal 
margin is indicated by the marker just below 
the designation right (Rt.) 
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Fic. 3. (C and D) August 13, 1963. Anteroposterior and lateral views of inferior venacavagrams showing 
the presence of thrombi in the inferior vena cava, hepatic vein area and right atrium. 
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white female came to the hospital because of 
gradually increasing intermittent abdominal 
pain after meals and the appearance of jaundice. 
The rose bengal hepatic photoscan (Fig. 44) 
showed a large filling defect in the portal area 
of the liver with smaller areas of diminished ac- 
tivity radiating from it ("cold" ducts). The 
liver was moderately enlarged. Figure 4B is a 
percutaneous cholangiogram demonstrating the 
configuration of the biliary tree. The correla- 
tion with the hepatic photoscan is at once ap- 
parent, 


FrG. 4. Case 1v. Carcinoma of the pancreas with ex- 
trahepatic biliary obstruction. (4) October 7, 
1963. Anterior rose bengal hepatic photoscan. 
Notice the enlarged ducts in the portal area with 
the radicles of the biliary tree extending from the 
large main duct. The liver is moderately enlarged. 
( B) October 1, 1963. Percutaneous cholangiogram. 
The correlation with the inactive areas in the liver 
is readily made. 
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An example of biliary obstruction with 
"hot" ducts is Case v. 
Case v (Fig. 5). This 63 year old white male 


presented with recurrent upper abdominal pain. 
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l'16. §. Case v. January 19, 1962. Anterior rose bengal 
hepatic photoscan. Obstruction of the common 
bile duct by stones; 1 hour scan. The intrinsic 
pattern of the liver is within normal limits for the 
I hour scan, but superimposed on this normal 
pattern is a dilated duct system which shows hot 
ducts at this interval. Extending inferiorly and to 
the left from the lower margin of the liver is the 
dilated common bile duct. 


Serum bilirubin was 6.7 mg. per cent. Physical 
examination was unremarkable. The obstruc- 


tion was due to stones in the common bile duct. 


It the gallbladder cannot be definitely 
identified on a liver scan which is started at 
the top at 20 minutes, 1t indicates either an 
abnormality in the function of the liver 
parenchyma or disease in the gallbladder or 
duct svstem. Of 31 patients with extra- 
hepatic obstruction, the gallbladder was 


Case vr. Bile duct carcinoma with extrahepatic obstruction. Serial anterior rose bengal hepatic 
23, 1963. The liver has a homogeneous pattern. The portal area shows enlarged 


» 
cold ducts. The heart is seen. (B, C and D) Progress scans at 90 minutes, I day and 2 days showing reten- 
tion of isotope in the liver and the left kidney. (E) Scan at 6 days shows persistence in the liver and left 


kidney and late activity in the gallbladder. 
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not shown on the early scans, but in 4 cases 
it was seen on a delayed scan. In 12 of 25 
patients with hepatic parenchymal disease, 
scans showed the gallbladder. Of ro pa- 
tients who had oral cholecystograms that 
failed to demonstrate the gallbladder, 4 
had depiction of the gallbladder by a scan. 

The isotope will be found in the small 
bowel unless there is a complete obstruc- 
tion to bile flow. The theoretic possibility 
of a hepatitis so severe that the isotope will 
not be excreted into the bowel exists but 
was not encountered in this study. (Two 
such cases have been seen since the studv 
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was closed.) Occasionally, the only prob- 
lem in identifying the small bowel is in 
making the distinction between the small 
bowel and the presence of radioactive ma- 
terial in the left kidney. Since the right 
kidney is often obscured by the liver, either 
serial scans or lateral scans may be re- 
quired for differentiation. 


Case vi (Fig. 6, 4-E). A 69 year old white 
male entered the hospital because of jaundice. 
The rose bengal hepatic photoscan showed 
unusual retention of the isotope in the liver. 
Scans made at 15 minutes, 9o minutes, I day, 2 
days, and 6 days are illustrated in Figure 6. 
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Fic. 7. Biliary atresia and extrahepatic obstruction. (4) February 14, 1964. Anterior rose bengal hepatic 


photoscan. Some isotope remains in the circulatory system. The liver pattern is homogeneous. (B) Anterior 
scan at 48 hours. The liver retains the isotope. (C) Lateral scan at 48 hours. There is no isotope in the 
intestine. The kidneys are shown posteriorl y. 
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TABLE I 


SUMMARY OF THE MOST VALUABLE FEATURES OF ROSE BENGAL I?! HEPATIC PHOTOSCANS 








Diffuse 
Parenchymal 
Disease 


No. of Patients a6 
Visualization of Bowel 23 (100%)* 
Nonuniform Pattern 17 (68%) 
Hepatomegaly 9 (36%) 
Visualization of Gallbladder 12 (48%) 
Visualization of Ducts 6 (24%) 
Nonuniform Pattern and Visualiza- 

tion of Bowel 16 (7o%)* 
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Lossbzsd Combined 
p diets Metastases and Extrahepatic 
arenchymal E h ; Ob 
CASUM xtrahepatic struction 
Obstruction 
P 7 31 

7 (58%) 3 (43%) 19 (61%) 

1 (8% 3 (43%) 6 (19%) 

8 (67%) 2 (29%) 7 (23%) 

4 (33%) O 4 (13%) 

2 (13%, 3 (43%) 14 (45%) 

I (8% I (14%) 4 (13%) 











* Two scans done early in the series did not cover the area of the small bowel. 


The r$ minute scan showed some isotope re- 
maining in the heart. The go minute scan did 
not include enough of the cardiac area to be 
certain about this feature. All the scans showed 
some activity in the area of the left kidney and, 
since no activity was found in the area of the 
colon on the delayed scans, it was certain that 
this was the left kidney. The gallbladder filled 
quite late. This patient was subsequently ex- 
plored and was found to have adenocarci- 
noma of the common bile duct which pressed on 
the cystic duct as well. 


The kidneys are ordinarily not identifi- 
able in the absence of moderately severe 
parenchymal derangement or an extra- 
hepatic obstruction. The kidneys were seen 
in liver scans in § of 25 (20 per cent) pa- 


tients with diffuse parenchymal disease, 
and in 4 of 31 (13 per cent) patients with 
extrahepatic obstruction. 


Case vit (Fig. 7, 4, B and C). A 2 month old 
female was studied because of neonatal jaun- 
dice. The patient has been markedly jaundiced 
since birth. Serial rose bengal hepatic photo- 
scans were made. The initial scan showed the 
heart and the kidneys. The scan made 2 days 
later showed both kidneys well and the lateral 
scan was made with just enough rotation to 
show the kidneys posteriorly. The liver was 
enlarged. The pattern was homogeneous. At 
operation, no common bile duct or gallbladder 
was found. A cut in the free edge of the liver 
did not produce any bile How and no anasto- 
motic procedure was done. 


TABLE II 


FINAL DIAGNOSES OF PATIENTS 











Diffuse 











Localized Combined Metastases 
Parenchymal Parenchymal and Extrahepatic Extrahepatic Obstruction 
Disease Disease Obstruction 

cirrhosis 17 metastases 7 carcinoma of pancreas 3 carcinoma of pancreas 13 
hepatitis 7 abscess 3 carcinoma of cecum I carcinoma of stomach l 
failure I hepatoma ı carcinoma of lung I carcinoma of bile ducts 2 
— infarct I metastases 2 carcinoma of gallbladder | 
25 — — lymphoma I 
12 7 biliary atresia 2 
cholelithiasis 10 
choledocholithiasis I 
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ANALYSIS OF SCAN FEATURES 


A summary of the most valuable features 
of the scan is presented in Table 1. It was 
found that liver size, intrinsic pattern, 
demonstration of ducts, gallbladder and 
small bowel were most helpful in the dif- 
ferential diagnosis while detection of iso- 
tope in kidnevs, heart and colon was of 
httle significance. The final diagnoses of 
patients studied are shown in Table 1. 


SUMMARY 


The rose bengal I! hepatic photoscan 
makes a significant contribution to the 
differential diagnosis of difficult problems 
of jaundice. Because the radioactive ma- 
terial can be followed from the circulatory 
svstem to the parenchymal structures and 
into the duct svstem and the intestinal 
tract, it provides a unique anatomic and 
phvsiologic record. The scan detects local- 
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ized lesions in the liver such as neoplasm, 
abscess, infarct or cvst. In most cases it will 
depict the status of the hepatic paren- 
chyma and disclose the level and degree of 
any obstruction which may exist. 


W. R. Eyler, M.D. 

Henry Ford Hospital 

Detroit, Michigan 
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A CASE OF MULTI-DIVERTICULAR CYSTIC 
DILATATION OF THE COMMON 
AND HEPATIC DUCTS* 


By GONZALO ESGUERRA-GOMEZ, M.D., aid ENRIQUE RIVEROS-GAMBOA, M.D.T 


BOGOTÁ, COLOMBIA 





A UNIQUE case of multi-diverticular 
4 X cystic dilatation of the common and 
hepatic ducts, a condition which has not 
been described in the medical literature be- 
fore, is reported. This condition differs con- 
siderably from the classic congenital cystic 
dilatation of the choledochus. The latter is 
normallv tound in females during the first 
decade of hfe with symptoms of pain, 
jaundice and a palpable mass. The multi- 
diverticular tvpe involves both the common 
and hepatic bile ducts, presents with ab- 
dominal pain as the onlv clinical symptom 
and usually appears in an older age group. 

The diagnosis in our case was made bv 
oral cholecystography. This is of interest 
because most cases of congenital cvsts are 
not demonstrated bv oral or intravenous 
cholangiography. 

Our patient was treated surgically, which 
we feel is the treatment of choice and one 
which can offer significant improvement or 
cure of this condition. The mortality rate of 
this operation has steadily decreased trom 
83 per cent in 1927 to approximately 12 per 
cent in 1949. 


REPORT OF A CASE 


Clinical History. In 1961, this 31 year old 
male complained of recurrent epigastric and 
left upper quadrant pain of several years’ dura- 
tion, At first, these pains were relatively mild 
and infrequent. During the last few months, 
however, they became more frequent and on 
several occasions were colicky and of short dura- 
tion. The episodes were not associated with 
meals, heartburn, Jaundice or fever. The bowel 
movements were normal. 

Physical Examination. This revealed mild 
tenderness over the epigastric and right sub- 
costal regions. 

* P 
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Laboratory Data. The laboratory tests showed 
a red blood cell count of 5,470,000; hemoglobin 
108 per cent or 15 gm., hematocrit 49 per cent, 
color index 0.93, saturation index ogi and a 


sedimentation rate of o in 4 hour and 2 mm. in 
t hour. Leukocytes were 6,800, neutrophils 7o 


fer 


per cent and lymphocytes 30 per cent. The 
coagulation time was 7 minutes, the bleeding 
time 6z seconds and the prothrombin time 12 
seconds. The prothrombin concentration was 
100 per cent, blood urea nitrogen 15 mg. per 
cent, nonprotein nitrogen 32 mg. per cent, 
blood sugar 100 mg. per cent, direct bilirubin 
0.3 mg. per cent, indirect bilirubin 0.5 mg. per 
cent and total bilirubin 0.45 mg. per cent. The 
urinalysis was normal and the stools were posi- 
tive for ova of ascaris. Except for the presence 
of ova in the stools, the laboratory tests were 
considered normal. 

Roentgenegraphic Examination. The routine 
chest examination and upper gastrointestinal 
series were negative. Oral cholecystography was 
performed by administrating a double dose of 
biloptin, approximately 10 hours prior to the 
examination. The gallbladder was well visual- 
ized and of average size and shape. The cystic 
dilatation of both the common and hepatic bile 
ducts was faintly demonstrated. Following the 
administration of sorbitol and cholecystokinin, 
the galibladder contracted and the dilated and 
cystic biliary ducts were much better shown 
(Fig. 1). 

First Operation. On January 28, 1962, Dr. 
Riveros performed a cholecystectomy. Opera- 
tive cholangiography at this time demonstrated 
the multiple cystic changes in the common and 
hepatic ducts in greater detail (Fig. 2, 7 and B). 

Pathologie Findings. The gallbladder con- 
tained normal appearing bile, and showed con- 
siderable serosal congestion, thickening of the 
elastic wall and a velvety mucosa. Histologic 
sections revealed mucosal papillary projections 
and edemarous thickening of the wall; there 
was moderate vascular congestion with scat- 
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Fic. 1. Marked dilatation and cystic changes in the 
common and hepatic ducts. Oral cholecystogram 
made approximately 10 hours after a double dose 
of biloptin and the administration of sorbitol and 
cholecystokinin. 
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tered areas of inflammation, consisting pre- 
dominantly of lymphocytes and a few poly- 
morphonuclear cells. In addition, there were 
Rokitansky-Aschotf 
sinuses. The definitive diagnosis was that of 
acute and chronic cholecystitis. 

At operation, the multiple intercommunicat- 
ing sacs on the hepatic and common bile ducts 


several areas showing 


were easily seen. The common duct drained 
into the third portion of the duodenum through 
the sphincter of Oddi. The proximal aspect of 
the sphincter measured approximately 2 mm. 
in diameter. The opaque material drained slow- 
ly through the sphincter. There was some delay 
in drainage. The intrahepatic biliary ducts 
were normal in size. 

Second Operation. A second operation was 
performed on March 7, 1962 which consisted of 
a valvular choledochojejunostomy as well as a 
complementary jejunojejunostomy. The post- 
operative course after both the cholecystec- 
tomy as well as the choledochojejunostomy Was 
uneventful. 

Clinical Course. One month postoperatively 
roentgenograms showed a normally functioning 
choledochojejunal anastomosis. There was evi- 





Fic. 2. (4) Lateral operative cholangiogram and (B) oblique operative cholangiogram show the 
multiple diverticula and the abnormal dilated intrahepatic portion. 
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dence of air in the common bile duct and of 
intermittent passage of barium through the 
anastomotic region. The opening of the choledo- 
chus into the third portion of the duodenum 
was well visualized. A follow-up examination 
in October, 1962, revealed no significant change 
in the appearance. The patient has continued 
to do well to the present time. 


DISCUSSION 

The roentgenologic and surgical findings 
in this case were those of a multi-diverticu- 
lar congenital cvst of the hepatic and com- 
mon bile ducts. This particular tvpe of 
anomaly has not been reported in the 
medical literature. 

Of the three tvpes of choledochal cvsts 
as described by Alonso-Lej, Type 1 is the 
most frequent and consists of a uniform 
congenital dilatation of the common bile 
duct; Type nis actually nothing more than 
a congenital diverticulum of the common 
bile duct with a very narrow neck; and 
Type ut, which is a congenital choledocho- 
cele, appears dilated only in the intraduo- 
denal aspect of the duct. We believe that 
our case may be classified as a variant of 
Type ir, in which the cysts happened to be 
multiple, not only involving the common 
but also the hepatic bile ducts. 

The only unusual case in the literature 
which may have some similarity to ours is 
that reported by Carolli and his collabora- 
tors of a I3 vear old child who presented 
with a cholecystic dilatation of the intra- 
hepatic biliary channels. These multiple 
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ectaslas were saccular in appearance and 
limited only to the subcortical aspect of 
the intrabiliary radicles. There was uniform 
dilatation of the hepatic and common bile 
ducts. Operative cholangiography demon- 
strated a biliary tree resembling a “fruit 
tree." 

Mallet-Guy believed that the maltorma- 
tion in congenital cystic dilatation 1s noth- 
ing more than a narrowing of the papilla 
with other changes being secondarv to the 
latter defect. This seems to explain the fact 
that, even though in our case the common 
bile duct was vertical and emptied into the 
most dependent portion ot the duodenum, 
there was, nevertheless, considerable stasis 
and difficulty in drainage. Carolli and 
Marcoulides share the same opinion, mainly 
based on studies from manometric and 
roentgenographic procedures done during 
surgerv. According to them, the dilatation 
observed in these cases 1s only a secondary 
finding, the primary defect being mani- 
fested bv narrowing of the lower duct 
papilla. 

SUMMARY 

A unique case of multi-diverticular 
cvstic dilatation of the common and hepatic 
duct 1s reported. 

The oral cholecystographic, operative 
cholangicgraphic, surgical and pathologic 
findings are described. 

Enrique Riveros-Gamboa M.D. 
Clinica de Marly 
Bogotá, Coiombia 
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THE ROENTGEN FEATURES OF THE 
MIRIZZI SYNDROME* 


By ARTHUR R. CLEMETT, M.D., and ROBERT M. LOWMAN, M.D. 


NEW HAVEN, CONNECTICUT 


T Mirizzi syndrome consists of the 
following elements: (1) an anatomic 
arrangement of the cystic duct such that it 
lies almost parallel to the common hepatic 
duct, (2) impaction of a gallstone in the 
cystic duct or neck of the gallbladder, (3) 
partial mechanical obstruction of the com- 
mon hepatic duct by the stone itself or the 
resulting inflammatory reaction, and (4) 
recurrent cholangitis or ultimately cho- 
langitic cirrhosis due to the partial obstruc- 
tion. We have recognized 2 cases of this 
syndrome, and they have had strikingly 
similar roentgen findings on intravenous 
cholangiography. 


REPORT OF CASES 


CASE 1. A 51 year old woman was hospitalized 
in Áugust, 1961 for an episode of right upper 
quadrant pain, chills and fever. Cholecystec- 
tomy had been done at another hospital in 1946. 
At that time a clamp was said to have been 
placed across the cystic duct and cystic artery 
at the initial operation, and the gallbladder was 
removed at a second operation 3 days later. The 
specimen was reported to show cholelithiasis 
and chronic cholecystitis. A biliary fistula de- 
veloped postoperatively. This subsequently 
closed, but thereafter the patient was troubled 
by intermittent episodes of right upper quad- 
rant pain, chills and fever which were believed 
clinically to be due to cholangitis. 

Liver function tests were normal except for a 
bromsulphalein retention of 21.8 per cent and 
an alkaline phosphatase of 11.3 (normal less 
than 8.6). Liver biopsy revealed fatty infiltra- 
tion. 

On intravenous cholangiography there was 
a rounded defect on the lateral aspect of the 
common hepatic duct with dilatation of the 
duct proximal to this area (Fig. 1, 4 and B). 
Contrast medium persisted in the proximal 
common hepatic duct for 4 hours after being 
cleared from the distal duct. 


At operation, it was found that the gall- 


"bladder had not been completely removed. A 


thick-walled, ; cm. gallbladder remnant with a 
I.5 cm. stone impacted in its neck was produc- 
ing extrinsic compression of the common 


hepatic duct (Fig. 1€). 


Case u. A 66 year old white woman was 
hospitalized for intermittent fever, fatigue and 
weakness. Six months earlier she had the sudden 
onset of painless jaundice and severe pruritus. 
She was admitted to another hospital at this 
time where liver function tests showed evidence 
of obstructive jaundice. The jaundice slowly 
subsided over a period of I week. Two months 
later severe pruritus recurred but again sub- 
sided spontaneously. 

Physical examination revealed hepatomegaly 
and the tip of the spleen was palpable. Labora- 
tory studies included a normal bilirubin, alka- 
line phosphatase 21.0 Bodansky units, normal 
SGOT, cephalin flocculation 24- to 34-, albu- 
min 2.0 gm. per cent, globulin 4.3 gm. per cent. 
Liver biopsy showed mononuclear infiltrates in 
the portal zones and slight intracanalicular bile 
stasis. 

A faint, rounded radiolucency was recognized 
on roentgenograms of the right upper quadrant. 
An intravenous cholangiogram revealed a 
rounded defect on the lateral aspect of the com- 
mon hepatic duct adjacent to this radiolucency 
and moderate dilatation of the intrahepatic 
ducts (Fig. 2, 4 and B). 

At operation there were many adhesions 
about the gallbladder bed, and the wall of the 
gallbladder was edematous and hemorrhagic, 
measuring over 1.0 cm. in thickness. On opening 
the gallbladder, a large cholesterol stone was 
found which had eroded the wall of the gall- 
bladder and the adjacent wall of the common 
hepatic duct (Fig. 2€). 


DISCUSSION 


The broad, curved impressions on the 
lateral aspect of the common hepatic duct 


* From the Department of Radiology, Yale University School of Medicine and the Grace-New Haven Community Hospital, New 
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Fic. 1. Case 1. (4) Laminagram of intravenous 
cholangiogram. (B) Tracing of 4. (C) Dia- 
gram of the operative findings. 
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Fic. 2. Case 11. (4) Laminagram of intravenous 
cholangiogram. (B) Tracing of 4. (C) Dia- 
gram of the operative findings. 
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in these cases are virtually identical to 
those described by Dietrich! in his report of 
4 cases of Mirizzi syndrome. Theoretically, 
the extrinsic defect need not be from the 
lateral aspect in view of the possible varia- 
tions in the relationship of the cvstic duct 
to the common hepatic duct? A similar 
broad, curved impression on the common 
hepatic duct has been noted to be due to 
metastatic tumor in the porta hepatis.! In 
this instance, however, there was concen- 
tric narrowing of the duct. 

Both patients had roentgenographic and 
biochemical evidence of partial biliary ob- 
struction. Dilatation of the hepatic ducts 
proximal to the lesion occurred in both 
cases, and in Case 1 delaved clearance of the 
contrast medium from the common hepatic 
duct was a striking finding. It has been 
shown both experimentally? and clinically? 
that bile duct obstruction predisposes to 
bacterial infection of the hepatobiliarv svs- 
tem. Clinically, both patients were felt to 
hawe recurrent cholangitis, and this impres- 
sion received support from the liver biopsy 
findings in Case rr. 

Finally, while one may decry the per- 
petuation of eponyms, the term Mirizzi 
syndrome is useful verbal shorthand to 
summarize the 4 elements of this entity. It 
is also fitting that the Argentine surgeon, 
Dr. P. L. Mirizzi, should be so honored, 
since he is the acknowledged founder of 
operative cholangiography.’ 
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CONCLUSION 


Two cases of Mirizzi syndrome are re- 
ported. On intravenous cholangiography 
both demonstrated broad, curved impres- 
sions on the lateral aspect of the common 
hepatic duct with roentgenographic evi- 
dence of partial obstruction of the duct in 
this area. 


Arthur R. Clemett, M.D. 
Department of Radiology 

Yale University School of Medicine 
789 Howard Avenue 

New Haven 4, Connecticut 
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RAPID ORAL CHOLECYSTOGRAPHY* 
PHARMACOLOGIC ASSISTANCE TO THE USE OF ORAGRAFIN 


By HARRY W. FISCHER, M.D,t ALAN F. SCHROEDER, M.D.,t and 
WILLIAM B. GALBRAITH, M.D.1 


IOWA CITY, IOWA 


ESPITE the general usefulness and 

reliability of standard cholecystogra- 
phy techniques (the so-called overnight or 
12 to 16 hour technique), a need exists for a 
rapid oral method for roentgenographic 
visualization of the gallbladder. A rapid 
technique has been sought for study of the 
patient with acute abdominal symptoms, 
butits greatest use would probably be in ad- 
justing the cholecystographic examination 
to the convenience of patient and physician, 
thereby decreasing time and cost of investi- 
gation. A successful rapid oral technique 
depends (1) upon quick arrival of the con- 
trast agent in the duodenum and upper 
jejunum; (2) a fast rate of absorption; (3) 
a high differential excretion of the agent 
into the bile by the liver; and (4) safety 
and a minimum of side effects for the whole 
procedure. Iopanoic acid (telepaque) is not 
suitable for a rapid technique due to slow 
and incomplete absorption. Recently, other 
agents which are rapidly absorbed and well 
excreted in the bile became available. How- 
ever, even quickly absorbed contrast ma- 
terials do not afford a successful rapid tech- 
nique 1f they are slowly and irregularly 
moved into the duodenum and jejunum. 
The time of opacification of bile ducts and 
gallbladder is dependent upon the emptying 
rate of the stomach." A solution has been 
to place the contrast material directly in the 
small bowel by duodenal intubation, but 
the method is time consuming for the 
physician and unpleasant for his patient 
and not always successful. 

The recently introduced cholecysto- 
graphic agent calcium-bis-8-(3 dimethyl- 
amino-methyleneamino- 2, 4, 6-triiodo- 
phenyl)-propionate, named solu-biloptin in 


Europe and oragrafin calcium in the United 
States, on the basis of pharmacologic stud- 
les appears to be well suited to a rapid 
technique.® Absorption is so rapid that the 
total output of the compound in bile after 
intraduodenal administration is of the 
same order as from intravenous administra- 
tion. In rats the intraduodenal administra- 
tion of 100 mg./kg. of body weight of this 
compound results in 80 per cent excretion 
in the bile within 4 hours. The maximum 
concentration of the compound in the bile 
was obtained 30 to go minutes after admin- 
istration. Oragrafin calcium is almost a 
tasteless substance. In animals, its toxicity 
is of the same order as the other modern 
cholecystographic agents.‘ 

Both the sodium and calcium salts of 
oragrafin have been reported to be satis- 
factory cholecystographic agents when uti- 
lized in the standard 12 to 16 hour method. 
In a double blind study, White and 
Fischer? found oragrafin equal to tele- 
paque in the roentgenographic visualiza- 
tion of the gallbladder. Oragrafin, however, 
was better tolerated by patients and they 
noted a definite and significantly lower inci- 
dence of cramps and diarrhea. 

Because orally ingested materials are 
passed from the stomach into the duo- 
denum irregularly and inconstantly, we 
were attracted to the use of carbachol- 
atropine as a pharmacologic aid to gastric 
peristalsis and emptying.’ Dijken and De 
Wied! observed a pronounced increase in 
gastric peristalsis within 8 to 15 minutes 
after the subcutaneous injection of 0.4 mg. 
of carbachol mixed with 0.5 mg. of atropine. 
Carbachol is a cholinester, exerting a 
marked cholinergic or parasympathomimet- 


* From the Departments of Radiology? and Internal Medicine, ¢ University Hospitals, College of Medicine, State University of 
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ic effect. [t has a strong effect on the mus- 
culature of the digestive tract and to a les- 
ser degree on the urinary bladder and heart. 
Atropine, a parasympatholy tic agent, theo- 
retically completely blocks the cholinergic 
etfects of carbachol. In practice, atropine 
has been known to suppress incompletely 
the effects of carbachol on the gastroin- 
testinal tract, while controlling other svs- 
temic effects of carbachol, such as sweating, 
heat sensations, salivation and decrease in 
blood pressure (Fig. 1). Borborygmi and the 
urge to micturate or defecate are not com- 
pletelv suppressed but are not of sufficient 
degree to be troublesome. Carbachol- 
atropine should not be given to patients 
who are taking other parasympathomimetic 
drugs such as neostigmine or physostig- 
mine, since the action of the combination 
could be additive and produce serious 
cholinergic effects. It should be used with 
great caution, if at all, in patients with 
coronary artery disease or severe hyper- 
tension or cerebral vascular disease because 
of possible deleterious muscarinic effects 
such as fall in diastolic blood pressure, 
slight tachycardia, peripheral vasodilata- 
tion, and so forth. Carbachol is definitely 
contraindicated in patients with bronchial 
asthma. The carbachol-atropine should zor 
be given intravenouslv. 

The speed of gastric emptying is known 
to be directly related to the volume of gas- 
tric contents. Accordingly, additional water 
given along with the cholecystographic 
agent should be helpful for our purposes. 


TECHNIQUE 


Patients in the study came from the 
University Hospital Medical Outpatient 
Clinic and were not subjected to selection 
other than exclusion of those in whom the 
drugs were contraindicated. After their his- 
tories had suggested the possibility of gall- 
bladder disease and physical examination 
had been completed, they were given 6 gm. 
of oragrafin calcium granules mixed in 200 
ml. of water at approximately 10 a.m. All 
patients had had breakfast. Immediately 
following the ingestion of the oragrafin and 
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Fic. 1. The effects of carbachol and atropine on 
the gastrointestinal tract. 


water, 0.§ mg. of atropine and o.4 mg. of 
carbachol were given subcutaneously in a 
single injection. Forty-five minutes later, 
an additional 200 ml. of water was given 
orallv. All other liquids, food and tobacco 
were not permitted for the first 6 hours of 
the study. During the first hour and one 
halt after the injection, patients were ob- 
served closely by a single observer 
(W.B.G.) for any possible side effects. 
Ambulation was allowed, but if the patient 
desired to recline he was instructed to lie 
right side down. One and one-half hours 
after ingestion of the cholecystographic 
agent, the patient was sent to the Radiol. 
ogy Department. 

The go minute examination consisted of 
a 14X17 mch roentgenogram of the entire 
abdomen plus a roentgenogram of the gall- 
bladder area, utilizing a long cone. If the 
gallbladder was visualized on the initial 
films, additional roentgenograms were 
made at 30 to 60 minute intervals in recum- 
bent, upright or decubitus positions until 
the gallbladder was considered to have been 
well visualized and stones diagnosed or ex- 
cluded. If the gallbladder was not seen ini- 
tially, additional roentgenograms were 
made at 1 hour intervals until opacification 
occurred and then examined further as 
thought necessary. If no visualization had 
occurred at 53 hours, a roentgenogram was 
obtained at 12 hours if possible; if not, at 24 
hours. 
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FIRST APPEARANCE OF GALLBLADDER OPACIFICATION 


o~3 hours 85 
3-6 hours n 
6—12 hours 3 
12-24 hours : 
Nonvisualization 14 


‘Total cases 


RESULTS 


The time of the first appearance of gall- 
bladder opacification in 100 patients exam- 
ined by the described technique is shown in 
Table r. Of the r4 cases in which the gall- 
bladder did not visualize, 3 had no visuali- 
zation despite observation for 24 hours, 3 
despite observation for 12 hours, and 2 for 
8 hours. In the remaining 6 patients the 
diagnosis of nonvisualization 1s based on 
shorter observation periods; 3 were exam- 
ined for 3 hours and 3 for 8 hours. 

Table 11 shows the degree of opacifica- 
tion of the 82 patients in which the gall- 
bladder was seen within the first 3 hours. 
The classification of 1 to 44- 1s more or less 
standard. We include the class o to 14- for 
the barely discernible gallbladder, similar 
to the term “faintly visualizing” gall- 
bladder (Fig. 2, 4-E). Increased opacifica- 
tion of the gallbladder after it first visual- 
ized was noted in the majority of cases in 
which such information was sought (Fig. 
3). Of the 82 patients showing opacification 
to some degree within the first 3 hours, §1 
were further examined at one or more inter- 
vals. Examinations were terminated when 
the gallbladder was considered sufficiently 
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DEGREE OF GALLBLADDER OPACIFICATION 
WITHIN THE FIRST 3 HOURS 





Less than 1 plus 13 
1 plus 29 
2 plus 30 
3 plus 9 
4 plus i 
Total cases 82 
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visualized for diagnosis. In a few instances 
we could not obtain additional roentgeno- 
grams. 

The common bile duct was visualized in 
37 per cent of patients; visualization oc- 
curred in the first 3 hours. There was no 
correlation between the opaque material re- 
maining in the intestine and nonvisualiza- 
tion of the gallbladder. 


SIDE EFFECTS 

The side effects following the ingestion of 
oragrafin calcium and from the subcutane- 
ous dose of the carbachol-atropine mixture 
were not judged serious in any of the pa- 
tients. Few patients volunteered com- 
plaints. The incidence of effects obtained, 
mainly by direct questioning, is listed in 
Table ni. No instance of hypotension was 
found. One patient developed a diffuse 
pruritic, red maculopapular eruption 8 
hours later. This was thought to be a drug 
eruption from the contrast medium. 


DISCUSSION 

Our rapid technique must be compared 
to the few other attempts at rapid cholecvs- 
tography both as to opacification of the 
gallbladder and bile ducts and in regard to 
discomfort and risk to the patient. 
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SIDE EFFECTS 


Type Per Cent 
Urge to micturate 35 
Cramping abdominal pain hs 
Salivation 48 
Urge to defecate 45 
Hyperhydrosis 43 
Heat sensations a 
Nausea 36 
Blurred vision 31 


Skin reaction (urticaria) at site of injection — 18 


"Lightheadedness," “dizzy” or "faint" 
feelings 17 
“Weakness” 8 
Vomiting 5 
Headache 3 
Rhinorrhea 2 
Palpitation (no objective finding) 1 
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Madell and Elkin?’ reported that a 4.5 gm. 
dese of orabilex in fasting patients resulted 
in only a 29 per cent incidence of satis- 
factory visualization of the gallbladder at 3 
hours. Continuation of the examination to 
24 hours raised the incidence of adequate 
opacification to 70 per cent. The incidence 
of side effects was not stated. 

Four of the newer cholecystographic 
agents were employed by Nice ef a7." in 
fasting patients, who were placed in the 


Rapid Oral Cholecystography 4 





OQ 


—J 





Fic. 2. (4-E) Representative de- 
grees of gallbladder opacifica- 
tion. (7) <1+; (B) 14+; (C) 
2+; (D) 3+; (E) 4+. 


right lateral decubitus position and given 
extra water to promote gastric emptying. 
Good opacification of the gallbladder was 
obtained in 35.6 per cent of the patients at 
2 hours. Visualization was termed fair or 
poor in 23.5 per cent, while in 40.9 per cent 
there was no visualization. There were few 
side effects; 

Robinson’? reported a group in which 6 
m. of solu-biloptin was given to both 
isted and unprepared patients and roent- 
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No. of 
Patients 
Gallbladder eae. 
Initially visualized 82 BEES 
O-3 hr. 
Not examined beyond 
Shr. 
Re-examined 
-6 hr. 


Not examined beyond 
6 hr. 





Re-examined 


6-12hr. 
, increased Opacity 
Not a beyond Bl unchanged Opocity 
f, Hs 
Re- examined 7 PE 
12-24 hr d 


Fic. 3. 
patients showing increased opacification w:th pro- 
longed examination. 


genograms were obtained at 3 hours. A glass 
of cold water was given as an aid to absorp- 
tion of the contrast agent. Satisfactory gall- 
bladder opacification was seen in 47 per 
cent of the patients and a faint or no out- 
line in 43 per cent. When 25 patients who 
had no gallbladder visualization at 3 hours 
were re-examined by a 12 hour E bilop- 
tin cholecvstogram, 9 were then more ade- 
quately seen, 8 ol the 9 having normal 
density and 1 being taintly seen. Of 13 gall- 
bladders faintly visualized at 3 hours, 10 
were better opacified bv a repeat 12 hour 
test. Side effects were reported as 2 per cent 
of the total. 

Several other studies are not comparable 
because they are not truly rapid tech- 
niques, but employ in combination : a 12 to 
16 hour and a3 hour test.” 710.16.19.20 Th cer- 
tain other Sc: a technique similar to 
that for rapid cholecystography was used 
for visualization of the common bile duct, 
primarily in patients who had had cholecvs. 
tector v 

The present technique for rapid cholecys- 
tography with 82 per cent visualization. of 
the gallbladder at 3 hours is certainly an 
improvement over 3 previous npa 
attempts!!! but not a fourth.'? The ques- 
tion to be asked of anv rapid technique i Is 
how does its accuracy compare with stan- 
dard cholecvstogr aphy. The gallbladder 
visualized satisfactorily for diagnosis in g1 
per cent of the cases by a standard cholecys- 
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Graphic representation of the number of 


Jose, 19645 
tography trial with a single dose of ora- 
grafin at this institution. Another group 
reports an 84 per cent incidence of gall- 
bladder opacification with oragrafin cal- 
cium by a standard technique.’ We can sav 
that the incidence o7 82 per cent visualiza- 
tion with the present rapid study falls 
within reasonable limits, and we must ook 
to other criteria to assess the accuracy of 
our method. Extending the examination 
for more than 3 hours resulted in visua iza- 
tion of the gallbladder in 4 additional pa- 
tients. Prolonging the examination to 8 
hours in 2 patients, to 12 hours in 3 pa- 
tients, and to 24 hours in the remaining 3 
did not result in visualization of the gall. 
bladder. In 14 cases of nonvisualization, 
disease of the gallbladder was later sub- 
stantiated in 6 patients by failure to visual- 
ize the gallbladder by single or double dose 
standard (12 to 16 hours) cholecystogra- 
phy, and in 1 patient by surgery. In orly 2 
patients a subsequent standard cholecvsto- 
gram demonstrated the gallbladder. We did 
not do a subsequent procedure on 5 other 
patients in whom the gallbladder was not 
seen by the rapid technique. The assump- 
tion that no opacification in 3 hours indi- 
cates gallbladder disease need Gt be made. 
If the gallbladder opacities sufficiently for 
diagnosis at 3 hours, the examinaticn is 
terminated. If nonvisualization at 3 hours 
is encountered, the examination can be ex- 
tended or standard cholecystography can 
be done at some other time. The latter 
course Is consistent with established medi- 
cal practice that nonvisualization of the 
gallbladder on an initial cholecvstogram 
should not be accepted as irrefutable evi- 
dence of gallbladder disease, and that 
failure to visualize must be encountered on 
the second examination before surgery is 
contemplated. 

Theretore, we feel that the rapid tech- 
nique em olos ing oregrafin calcium with the 
assistance of carbachol.atropine is a worth- 
while and reliable one, provided its limita- 
tions are kept in el The majoritv of 
patients, those showing adequate opacifica- 
tion of the gallbladder at 3 hours, have the 
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distinct advantage of a rapid completion of 
the roentgenologic examination, and 
thereby a saving of time (and expense) of 
diagnostic studies can be achieved. 

The side effects were not considered seri- 
ous and we do not think the incidence 1s 
excessive in view of the information gained 
cuickly and reliably. We do not accept the 
present result as ideal, and will continue to 
search for better means to promote stom- 
ach emptying for utilization in rapid cho- 
lecvstographv. The authors recognize the 
possibility that our results can be related to 
the patient's ingestion of a moderately 
large volume of water which is known to 
promote gastric emptying. The present 
study is diminished in value by the lack of 
a control group; that is, a group of patients 
receiving the same dose of oragrafin cal- 
cium but not receiving additional water or 
carbachol-atropine injection. 

Visualization of the common bile duct 

ras not the primary objective of our study. 

4 disappointing 37 per cent for visualiza- 
tion of the duct was obtained, a figure well 
below previous reports for oral techniques. 
The technique for rapid visualization of the 
gallbladder should have resulted in opti- 
mum conditions for the demonstration of 
the common bile duct. 


SUMMARY 


A new technique for rapid oral cholecvs- 
tography has been described. This method 
consists of carbachol-atropine and addi- 
tional water as aids to gastric emptying so 
that a double dose of oragrafin calcium may 
be quickly absorbed from the intestine and 
excreted in the bile. By this technique, a 
functioning gallbladder will opacify at 3 
hours with a slightly lower incidence than 
ov the standard 12 to 16 hour cholecystog- 
raphy. Nonvisualization can be elimi- 

nated in some patents by prolonging the 
examination beyond 3 hours or by per- 
forming standard cholecystography. The 
side effects encountered, although appreci- 
able in number, were never serious. The 
examination can be performed in the un- 
prepared patient on the same day of his 
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initial visit to the physician, thus affording 
a saving in time, money and inconvenience. 


Alan F. Schroeder, M.D. 
Department of Radiology 
University Hospitals 
College of Medicine 

State University of Iowa 
Iowa City, [owa 
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COMPARATIVE EVALUATION OF A NEW ORAL 
CHOLECYSTOGRAPHIC AGENT U-12,031* 
WITH TELEPAQUE 


By PHILLIP H. MEYERS, M.D., CHARLES M. NICE, fr. 


MOUTON, M.D.? TIM CALDWELL, 


IN EVALUATING a possible new oral 

— cholecystographic agent, we have se- 
lected telepaque for a comparison because 
it has been used widely throughout the 
United States tor several years 

Losi ise amino-2,4,6- o: 
zovl)-N-phenyl-B-amino-propionic acid, 
and was svnthesized as a derivative of 3- 
amino-2,4,6-triiodo benzoic acid. Itis being 
marketed in Germanv and several other 
European Countries as an oral cholecysto- 
graphic agent (osbil). Its structural formula 
is as follows: 


I 











NH, 


CiHi;; I H:O; 
Molecular wt. 662 


57.5%, lodine 
'The structural formula of telepaque 1s as 
follows: 


CH,—CH; 
| — CH,—CH--COOH 


C ullis NO: 
Molecular wt. 57 66.7 


“> lodine 
* Supported by Upjohn Pharmaceutical Company. 
* Associate Professor, Department of Radiology, 
? Professor and Chairman, Department of Radiology, 


M.D., Pu.D.? RAMON ; 


M.D.‘ GEORGE R. MECKST ROTH, x S 
S. THOMAS ELDER, Px.D.,° and PHYLLIS J. MOSER, B.A. 


NEW ORLEANS, 


RTI 


LOUISIANA 


The generic name of telepaque 1s iopanoic 
acid and the generic name of U-12,031 1s 
iobenzamic acid. 


MATERIAL AND METHODS 


In this evaluation the "crossover" type 
of compar son study was done. Each pa- 
tient received 3 gm. of the contrast agent 
orally and 1 week later received the other 
contrast agent. The contrast agent to be 
given was determined from a table of ran- 
dom numbers. The investigators did not 
know which compound was being adminis- 
tered. The tests were perfor med on consecu- 
tive outpatients in the Department of 
Radiology at Charity Hospital, New Or- 
leans. The use of the "crossover" technique 
eliminates as much as possible patient 
variation and other variables which are 
poorly controlled in alternate or random 
case selection methods. 

All patients were caretully questioned re- 
garding sidereactions such as cramps, burn- 





ing, gas formation, urinary symptoms 
(7.e., burming, frequency, or nocturia), nau- 
sea, vomiting, diarrhea, itching, head- 


ache, allergy, or burning sensation in chest 
or throat. The gallbladder visualization was 
tabulated bv two Board certified. radiol- 
ogists anc one radiology resident, reading 
all cases samultaneously. Visualization was 
tabulated as nonvisualization, faint, fair, 
good, or excellent visualization. The size of 
the gallbladder was also evaluated after 
fatty meal. Visualization of the hepatic, 


Tes niversity School of Medicine, New Orleans, Louisiana. 


Tulane University Schoo! ef Medicine, New Orleans, Louisiana. 
5 Assistant Director, Department of Diagnostic Radiology, € Charity Hospital, N 


i Resident in Radiology, Charity Hospital, New Orleans, Louisiana, 





rew Orleans, Louisiana, 


* Assistant Professor, Department of Ra diology, Tulane University Schocl of Medicine, New Orleans, Louisiana, 
* Associate Professor, Department of Psychology, Louisiana State University ir New Orleans, New Orleans, Louisiana. 


? Research Coordinator, Registered Nuclear Medicine Technologist (ARRT), Deoartment of Radiology, 


of Medicine, New Orleans, Louisiana, 


491 


Tulane University School 


492 
cystic and common bile ducts was also 
tabulated. 

Each patient had a urinalysis, serum 
bilirubin, SGPT, alkaline phosphatase, and 
blood urea nitrogen studies on the day pre- 
ceding the first roentgen examination. The 
above series of tests were also repeated 12 
to 16 hours after the administration of each 
cholec vstographic agent, that is, at the 
time the patient reported for the roent- 
genographic study. The symptom review 
for possible side effects was carried out very 
thoroughly. All subjects with nonvisualiza- 
tion of the sallbladder were interviewed by 
a psychologist, who used a finger position 

electrode and a galvanic skin response cir- 
cuit to determine whether the subjects’ re 
sponses to questions CONC erning the i Inges- 
tion of medication and side effects were 
truthfully given. Thus, validity of patients’ 
responses was inferred from direct observa- 
tion of galvanic skin response during the 
interview. The results indicated that every 
patient interviewed had actually taken the 
medications. 

The radiopacity of each gallbladder 
examination was also determined bv means 
of a densitometer so that an objective 
method of evaluating contrast could be cor- 
related with the more subjective evaluation 
of the group of radiologists who were inter- 
preting roentgenograms in the usual man- 
ner. The height and weight of the subjects 
were also tabulated. The roentgenographic 
technique was relatively standard. The 
kilovoltage varied from 70 to 9o kv. with 
an average around 80 kv., with 200 ma., 
1/2 second, and a 40 inch target-film dis- 
tance. The film used was Gevaert X-ray 
Film and for all practical purposes the de- 
velopment conditions were kept constant 
as all films were developed in a Pako 
automatic film processor. 

In Table 1 the side effects in 78 patients 
with iobenzamic acid and 80 patients with 
lopanoic acid are tabulated. It will be noted 
that there is relatively little difference be- 
tween the two. In those patients who re- 
ceived 1opanoic acid (telepaque), the inci- 
dence of diarrhea was 6 times as great as in 
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TaBe I 


PERCENTAGE INCIDENCE OF SIDE EFFECTS 


Contrast FAS 


AIT a Ra met y I vemm tria t raa ark ei ri i I a el Mfr M dha? 


lobenzamic Iopanoi: 


Acid Acid 
NU. of patients 78 So 
Average weight 142 151 
Gastrointestinal symptoms 
Cramps 16.667. Leet, 
Burning 8.9 LI.3 
Gas 12.8 ro 
Nausea 25.4 20 
Vomiting 6.4 $ 
One or more bowel move- 
ments 34.6 75 
Diarrhea 6.4 so 7 
Urinary symptoms 
Frequency 10.5 11.3 
Nocturia 17 16.2 
Headache 24.4 RaT 
Pruritus jo, i2 
Burning in chest or throat ENS 12 
those patients receiving U-12,301 (ioben- 


zamic acid). In those patients receiving 
iobenzamic acid, the incidence of headache 
was 3 times that of those patients who re- 
ceiv NS lopanoic acid | (telepaque). 

Evaluation by the radiologist is given in 
Table n. There is relatively little differ- 
ence between the two agents since those 
studies which are listed as nonvisualization 
and faint visualization would be considered 
unsatisfactory from a diagnostic stand- 
point; whereas those with fair, good, or 
excellent visualization would probably be 
satisfactory from a diagnostic standpoint. 
The percentage of patients showing an 
excellent visualization was about 10 per 
cent higher with the use of telepaque. 
Visualization of the bile ducts was compa- 

rable with both agents. 

The data revealed bv the densitometer 
studies are listed in Table n1. Here again it 
is to be noted that there is not a very great 
difference, the median densitometer read- 
ing for jobenzamie acid being 1.06 and that 
of telepaque being 1.14. 

Laboratory data are listed in Table iv. It 
is very significant that slightly over zo per 
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TABLE II 


SUBJECTIVE ROENTGENOLOGIC EVALUATION 











Contrast Agent 





lobenzamic lopanoic 
Acid—78 — Acid—*o 
Patients Patients 
(per cent) (per cent) 











Gallbladder visualization 


Nonvisualization 14.1 [3,5 
Faint visualization ‘ts fis 
Fair 6.4 8.7 
Good 35.9 25.5 
Excellent 29.4 4C 
Bile duct demonstration 
Hepatic I.3 O 
Cystic 16.7 Fok 
Common 6.4 5 





cent of the patients receiving iobenzamic 
acid had greater than 25 per cent increase 
in the serum bilirubin compared with the 
control value, and over 32 per cent of those 
receiving iopanoic acid had a similar in- 
crease. 

When the changes in bilirubin in. both 
the patients receiving osbil and those re- 
ceiving telepaque were analyzed statistic- 
allv, it was seen that there was a rise in 
both groups above the level established for 
each patient in the pre-study sample of 
blood. Setting a 95 per cent confidence level 
(allowing +2 standard deviations from the 
average difference in bilirubin milligrams 
between the pre-study blood sample and 
the post-contrast medium sample to give a 
known accuracy in 95 per cent of the cases), 
It was seen that a greater number of pa- 
tients (so per cent) who had received osbil 
showed a significant bilirubin rise. than 
those who were administered telepaque 
(33 per cent). 

To arrive at the probabilitv of the rises 
in bibrubin being due merely to chance or 
due specifically to the contrast medium ad- 
ministered, the “T-test” for small samples 
was applied. Taking an average in each 
group of all the differences in bilirubin 
from the pre-study samples to the post- 
study samples and dividing it by the stand- 
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Tase III 
DENSITOMETRIC READINGS IN CENTER OF 
GALLBLADDER OPACITY 
Contrast Agent 
lobenzamic — Iopanoic 
Acid Acid 
No. of patients 78 80 
Mean (average) reading 0.966 0.964 
Median (middle) reading 1.06 Lia 
Mode (most common) 
readings S.A 072 0.52, 0.79 
[94 


ard error computed for each group, a 
probability figure was calculated. 

The conclusion was that if osbil was not 
related to the rises above the pre-studv 
level tor that group, the probability of rises 
as great as these occurring by chance 
would be one in a million. However, in the 
other group, the conclusion was that if tele- 
paque was not related to the rises above the 
pre-study sample, the probability of rises as 
great as these occurring by chance would be 
I in 2. Therefore, statistically speaking, it 
appears that osbil was related to the rise in 
bilirubin level and that telepaque was not. 

A statistical analysis of the other labora- 
torv data was also run, but the slight 
changes in the test results from the pre- 
studv blood samples to the post-contrast 
medium samples were not significant. In 
specific gravity, albumin and microscopic 
analysis of urine samples, no evidence of 
any abnormality was found that could be 


TaBLe IV 


PERCENTAGE OF PATIENTS SHOWING ABOVE 25 PER 
CENT INCREASE IN LABORATORY TEST VALUES 








Contrast Agent 








Iobenzamic — Iopanoic 
Acid Acid 
Serum bilirubin 50.6 32.8 
Alkaline phosphatase 5 he 
SGPT 17.6 i7.1 
Blood urea nitrogen 8.7 9.7 
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attributed to ingestion of opaque material. 

More intestinal residue was noted fol- 
lowing the use of topanoic acid but in the 
great majority of cases this in no way inter- 
fered with the diagnostic reliability of the 
examination. 


DISCUSSION 


From the preceding results, it would 
seem that there is very little difference in 
the roentgenologic evaluation and in the 
presence of side effects when comparing 
lobenzamic acid with iopanoic acid. Fur- 
thermore, the densitometer readings tend 
to confirm the roentgenologic evaluation. 
Perhaps of greater significance in this study 
is the observation that a significant number 
of patients has an increase in serum bili- 
rubin which is more than 25 per cent above 
the control value. Ours is one of the largest 
series in the literature in which a number of 
blood studies was done on every patient. 

Burhenne? reported an increase in serum 
bilirubin level in 5 of 11 patients following 
the use of bunamiodyl (orabilex). In the 
same small group of 11 patients, none 
showed a rise in serum bilirubin following 
the use of bilopaque. No other reports! 
have given such a significant percentage of 
changes in the blood chemistry as we have 
listed in Table 1v, and this is especially 
true in regard to the elevation of serum 
bilirubin. 

The significance of a transient hyperbili- 
rubinemia and its possible relationship to 
occasional renal failure and hepatic dam- 
age 1s not clear at the present time. Until 
these phenomena are more clearly under- 
stood, it would seem desirable to use a 
cholecystographic medium without ad- 
verse effects on the blood chemistry. It 
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seems desirable that each contrast agent 
considered for use should have a fairly com- 
plete series of tests Cone, such as have been 
done in the present study, to determine to 
what extent changes in blood chemistry 
are produced. 


SUMMARY 


Iobenzamic acid kas been compared with 
iopanoic acid as oral cholecystographic 
agents in a clinical and roentgenologic 
study of 80 patients. There is no appreci- 
able difference in the observed side effects, 
the roentgenographic evaluation, and in 
densitometry studies. 

A statistically significant number of pa- 
tiens had an increase in serum bilirubin fol- 
lowing the use of osbil but not telepaque. 
Other blood chemistry studies also showed 
a moderate Increase in 5-17 per cent of the 
patients. 

More thorough blood chemistry studies 
are indicated in the evaluation of all oral 
cholecystographic agents. 


Phillip H. Meyers, M.D. 
1430 Tulane Avenue 
New Orleans, Louisiana 70112 
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IN VITRO AND IN VIVO VISUALIZATION 
OF BILIARY CALCULI* 


By TOM W. STAPLE, M.D., 


and WILLIAM H. McALISTER, 


M.D. 


ST. LOUIS, MISSOURI 


EMONSTRATION of biliary. calculi 

on a plain roentgenogram of the ab- 
domen remains the simplest roentgen 
method for detection of gallbladder dis- 
ease. Wickbom and Rentzhog‘ reported the 
incidence of gallstones that are radiopaque 
as Ig.9 per cent in a series of 722 patients 
with nonvisualized gallbladders who under- 
went cholecystectomy. Other authors? 
have reported an incidence of radiopaque 


gallstones of 20-25 per cent. The purpose of 


this study was to determine (1) the inci- 
dence of radiopaque gallstones both on 
plain roentgenograms of the abdomen and 
on 777 vitro studies utilizing water phantoms 
of different thicknesses, (2) if calcified bili- 
ary calculi can be obscured by contrast 
material, and (3) the percentage of radio- 
paque stones in each gallbladder examined. 


MATERIAL AND METHODS 


One hundred and two consecutive re- 
sected gallbladders were examined. Each 
gallbladder was emptied of its stones. These 
stones were placed at the bottom of beakers 
filled with 14 cm. and 20 cm. of water. Ex- 
posure factors for the 14 cm. phantom were 
$c mas. at 55 kv. and for the 20 cm. phan- 
tcm co mas. at 75 kv. The stones were also 
immersed in a beaker containing a 2 cm. 
thick layer of 10 per cent methyl diatrizo- 
ate.* Films were exposed at 50 mas. and 40 
kv. This concentration of methyl diatrizo- 
ate was chosen because it best simulated 
the average density of contrast material 


seen on oral cholecystograms. The stones of 


97 patients were examined in water phan- 
toms and in methyl diatrizoate, while the 
stenes of 5 patients were examined in water 
phantoms only. In those instances in which 


* Winthrop Laboratories, New York, New York. 


the stones were not visualized when spread 
out at the bottom of the beaker of water, 
the calculi were gathered together in a 
gauze sack and roentgenographed i in thel4 
cm. phantom to determine any increase in 
radiopacity under these conditions. 


RESULTS 
(Tables 1 and 11) 


There were a total of 4,611 stones in 102 
gallbladders. The stones were either com- 
pletely opaque, partially calcified, or ap- 
peared as radiolucent defects in the water 
phantoms. In some instances where the 
stones were not visualized in water, they 
could be seen when they were gathered to- 
gether in a gauze sack (Fig. 1, 47, B and C). 

Of the total number of patients, stones 
were seen in 49 instances (47 per cent) in 
the I4 cm. phantom and in 42 instances 
(41 per cent) in the 20 cm. phantom. How- 
ever, in 25 of 49 of those with visualization 
of calculi in the 14 cm. phantom, not all the 
stones were demonstrated. This occurred in 
23 out of 42 in the 20 cm. water phantom. 
In patients having at least 1 calculus seen 
in the water phantoms, the per cent of cal- 
culi obscured per gallbladder ranged from 
13 to 98 per cent in the 14 cm. phantom and 
from 29 to 98 per cent in the 20 cm. phan- 
tom. In 89 /92 per cent) of the patients all 
of the recovered stones were visualized 
when placed in a beaker containing methyl 
diatrizoate. In 7 (7 per cent) a portion of 
the total number of stones were obscured 
by the contrast material and in one instance 
all of the stones were hidden (Fig. 2, 4 and 
D; and 4, and B). 

Of the total number of stones, 379 (8 per 
cent) were seen in the 14 cm. water phan- 
tom and 234 (5 per cent) were seen in the 20 
cm. water phantom. Of a total of 3,495 
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Tase I 
PATIENTS WITH IN VITRO VISUALIZATION OF BILIARY CALCULI 
Total Patients—102 
No. of Patients 
Phantom All Stones Some of Stones Total with 
Visualized Visualized Visualization 
14 cm. of water 24 
20 cm. of water 19 
2 cm. of contrast material (97 patients) 89 


* Totally obscured in 1 case. 


stones obtained from 97 gallbladders and 
immersed in methyl diatrizoate 3,246 (93 
per cent) were visualized. 

Plain roentgenograms were available in 
41 patients. Of these, stones were visible in 
9 instances (22 per cent). Cholecystograms 
were available in $4 patients and of these 
stones were visualized in 42 (78 per cent). 
The gallbladder was not visualized in 12 of 
the $4 patients (22 per cent). 


DISCUSSION 


The signs on plain roentgenograms sug- 
gesting gallbladder disease include radio- 
paque biliary calculi, calcification in the 
gallbladder wall, milk of calcium bile, and 
gas in the gallbladder or biliary ductal sys- 
tem. Detection of milk of calcium bile will 
avoid confusion of this dense substance 
with contrast material on the cholecysto- 
gram. Gas within the gallbladder or biliary 
duct system suggests the presence of gas- 


forming bacilli or an abnormal communica- 


tion between the bowel and biliary system. 
This may occur either as the result of a 
cholecystoenterostomy, abnormal patency 


TABLE II 
CALCULI VISUALIZED IN VITRO 
4,611 
379 (8%) 
234 (5%) 


3,246 of 3,495 (93%) 


Total no. of stones 

Visualized in 14 cm. phantom 

Visualized in 20 cm. phantom 

Visualized in 2 cm. 10% 
methyl diatrizoate 





of the spincter of Oddi through surgical in- 
tervention, or the passage of gallstones into 
the bowel. | 

Although cholecystography has been 
shown to be from 95 to 99.8 per cent ac- 
curate, false negative diagnoses have 
ranged in varying series from 0.4 to 3 per 
cent.! The principal reasons for false nega- 
tive examinations are failure to detect 
gallbladder sand, caolecystitis with chole- 
hthiasis in the presence of a. normally 
visualized gallbladder, faulty cholecysto- 
graphic techniques, and errors in interpreta- 
tion of cholecystograms. Wickbom and 
Rentzhog* cited 25 patients in whom 
cholecystectomy was performed despite a 
normal oral cholecystogram. In 4 of these 
patients stones were found at surgery in- 
cluding 1 patient with 10 stones ranging up 
to hazel-nut size. They suggested that the 
contrast material cbscured the calculi. Jn 
vitro obscuration of a portion or all of the 
gallstones of 8 patients was demonstrated 
in this study. 

Demonstration on plain roentgenograms 
of the biliary calculi, therefore, is valuable 
to initially locate calculi, to detect those 
stones which may be obscured by a con- 
trast material, or to avoid the error of mis- 


taking "calcium bile" for contrast material 
within the gallbladder. 


SUMMARY 


Biliary calculi from 102 patients were 


examined roentgenographically in 3 phan- 
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Frc. 2. Partial obscuration of radiopaque calculi by contrast material. Visualization of the total number of cal- 
culi in the water phantom (4) is markedly reduced by covering these calculi with radiopaque material (B). 





liG. 3. Complete obscuration of radiopaque calculi. The small calculi seen in the water phantom 
(4) are completely obscured by contrast material ( 5). 
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toms, 2 containing water of 14 and 20 cm. 
depth and 1 containing contrast material. 
Of the patients with available plain roent- 
genograms of the abdomen or nonfunction- 
ing cholecystograms, 22 per cent had 
demonstrable radiopaque stones. l'orty- 
seven per cent of the gallbladders contained 
calculi that could be identified in a 14 cm. 
water phantom. This percentage fell to 41 
when a 20 cm. phantom was used. Fight 
per cent of the patients had stones that 
were partially or completely obscured by 
contrast material 77 vitro. It is therefore 
recommended, in those patients in whom a 
highly suggestive clinical history tor biliary 
calculi is elicited and in whom the cholecy- 
stogram is normal, that a plain roentgeno- 
gram of the gallbladder region after the 
cholecvstopaque has been eliminated from 
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the gallbladder be obtained to detect any 
gallstones obscured by the contrast ma- 
terial, 

Tom W. Staple, M.D. 

The Edward Mallinckrodt Institute of Radiology 
£10 South Kingshighway 

St. Louis, Missouri 63110 
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THE FORTY-SEVENTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE American Radium Society held its 

Fortv-seventh Annual Meeting in New 
Orleans, April 8-10, 1965 at the Roosevelt 
Hotel. The accommodations were superb 
‘cr both the scientific and social events. 
The attendance by members and guests 
surpassed that of the previous year with a 
total registration of 575, representing 152 
rembers, 256 scientific guests and 167 
zxlies. 

The meeting was officially opened on 
Thursday morning, April 8 in the spacious 
(wand Ballroom. Dr. Lewis J. Bristow, 
Jr., President of the Radiological Society 
i Louisiana, welcomed the Society to New 
Orleans and indicated that the local com- 
munity wished the members to take full 
advantage of the cultural and recreational 
zwilities. Dr. Joseph H. Farrow of New 
York delivered the Presidential Address 1n 
wich he outlined some of the problems 
wing the medical profession in the diag- 
nesis and treatment of cancer. 

He stated that there are now about 1,000 
Incal clinics or tumor services which have 
been approved by the American College of 
Surgeons. These cancer activities are dis- 
tr buted throughout this country among 
more than 5,000 accredited hospitals. It is 
generally recognized that by cancer-teach- 
ing days, by the presentation of problem 
cases at tumor conferences and by visits of 
ecnsultants from centers, universities or 
la-ge metropolitan hospitals, a great deal 
hes been accomplished in the full utiliza- 
ten of local skills and facilities. Further- 
more, local interest in diagnosis and treat- 
ment has been stimulated and the initial 
petient-physician relationship maintained. 

The increasing number of radical opera- 
tens which can be performed safelv, the 


more frequent use of ionizing irradiation 
and the various methods for palliating ad- 
vanced cancers have greatlv extended the 
need for accommodations and expensive 
facilities. Support by grants-in-aid would 
enable local service to use government 
funds without federal control. Cancer hos- 
pitals and centers were primarily estab- 
lished to render extraordinary services for 
the cancer patient by the concentration of 
highly specialized personnel and equip- 
ment. They have also functioned as areas 
for postgradute training and clinical inves- 
tigation; in recent vears some have ex- 
panded into preclinical research centers. 
Cancer institutes have, for the most part, 
been concerned with basic research and 
they provide relatively few, if any, accom- 
modations for patients. In this country, 
only one of the aforementioned categories 
is now under complete federal control. 

The current recommendations of the 
President's Commission to conquer heart 
disease, cancer and stroke are not just a 
step but, if approved, a tremendous leap 
by the national government into the diag- 
nostic and therapeutic fields. In order to 
provide organized leadership and expedite 
the development of a program to further 
the control of cancer by available means, 
there 1s an urgent need for a committee or 
association that is truly representative of 
all the specialties and organizations most 
active in the diagnosis and treatment of 
cancer. It should hasten the distribution 
of up-to-date care for all patients as well 
as improve the relationship between the 
medical profession and the public they wish 
to serve without political pressure. 

The first scientific session under the 
chairmanship of Dr. Robert C. Hickey con- 
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sisted of presentations on lymphangiog- 
raphy as an adjunct to pelvic radium 
dosimetry, results of cobalt 60 rotation 
therapy 1n carcinoma of cervix without the 
use of intracavitary radium, carcinoma of 
the cervix uteri associated with pregnancy 
and pelvic exenteration for extensive vis- 
ceral necrosis following radiation therapy 
for gynecologic cancer. 

Following discussion and a short inter- 
mission, the second half of the morning’s 
program consisted of presentations on the 
combined use of irradiation and chemicals 
in a variety of neoplasms and one contribu- 
tion on the use of radiotherapy and surgery 
in carcinoma of the bladder. Dr. Edward 
T. Krementz of Charity Hospital of New 
Orleans presented his material on the 
treatment of retinoblastomas with a com- 
bination of intra-arterial injection of 
T.E.M. followed by irradiation, Dr. Mil- 
ton Friedman on the use of irradiation and 
methotrexate in the treatment of squamous 
cell carcinoma of the head and neck, Dr. 
Emanuel E. Schwartz on the value of 
chemotherapy and irradiation of ovarian 
carcinoma, showing the advantages of 
ThiolT EPA over chlorambucil, Dr. Esmond 
Millington of Royal Sussex County Hos- 
pital in Brighton, England on the com- 
bined treatment of carcinoma of the rectum 
with cobalt 60 teletheraphy and ;-Fluor- 
ouracil, Dr. David W. Molander on the 
palliation of metastatic tumors of the soft 
somatic tissues by the use of irradiation 
and triple chemotherapy, using metho- 
trexate, actinomycin D, and chlorambucil 
or cyclophosphamide, and Dr. William 
Geller on combined therapy in malignant 
lymphoma using periwinkle alkaloids and 
methyl hydrazine as adjuncts to proper 
doses of ionizing radiation. 

Dr. Marvin M. D. Williams was chair- 
man of the first half of the second scientific 
session on Thursday afternoon. The sub- 
jects presented included modification of 
radiation response of tissue by actinomycin 
D in mice and humans, the radioprotective 
and antitumor effect of Roche §-gooo (a 
new antibiotic), the oxygen factor and tu- 
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mor volume in CGH mammary mouse 
carcinoma system, development of clinical 
application and technique in hybaroxic 
radiotherapy, evaluation of lymph node 
function following irradiation of surgery, 
the role of regional radiotherapy in organ 
transplantation by Dr. J. V. Schlosser of 
the Tulane Transplant Team and com- 
parative study of effects of laser and/or 
ionizing radiation therapy on experimental 
malignant tumors by Dr. Paul E. McGuff. 

The second half of the afternoon scien- 
tific session was devoted to a symposium 
on radiobiology under the chairmanship of 
Dr. Juan A. del Regato. The subject of the 
symposium was variation of cellular radio- 
sensitivity with the mitotic cycle. Dr. 
L. J. Tolmach spoke on cell generation 
cycles and methods of synchronizing mam- 
malian cells, Dr. Warren K. Sinclair pre- 
sented his views on X-ray survival as a 
function of cell age in its generation cycle, 
and Dr. Gordon Whitmore presented ma- 
terial on recovery in mammalian cells and 
possible implications of cell cycle studies 
in radiotherapy. 

In the evening, a reception for members 
and guests of the Society was held in the 
attractive Grand Ballroom of the Royal 
Orleans Hotel, sponsored by the Radium 
Chemical Company of New York. 

The third scientific session on Friday 
morning was under the chairmanship of 
Dr. John H. Maus. Dr. Robert C. Hickey 
was special chairman of a symposium on 
the management of regional lymph nodes 
in breast cancer. Dr. George Crile, Jr., of 
the Cleveland Clinic presented evidence to 
indicate that simple mastectomy is well 
adapted to the treatment of certain lesions, 
modified radical mastectomy with preser- 
vation of the muscles can be effectively 
used in others, and still others are best 
treated by simple mastectomy plus radia- 
tion therapy. He stated that there is 
mounting evidence that in the early stages 
of breast cancer uninvolved regional lymph 
nodes may play a part in the host’s im- 
munologic resistance to systemic metas- 
tasis and therefore should neither be ir- 
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radiated nor removed. Dr. Edgar C. White 
of the M. D. Anderson Hospital and Tu- 
mor Institute presented his views on pre- 
and postoperative radiation therapy for 
breast cancer and discussed the four 
methods which were used from 1948 to 
1662 on 1,243 patients. These were: (1) 
Radical mastectomy was performed when 
the primary lesion was located in the outer 
quadrants. If the axillary lymph nodes were 
tree of metastases, no irradiation was added. 
(2) Radical mastectomy was followed bv 
intensive postoperative irradiation in all 
cmes in which lesions in the outer quad- 
rants were accompanied by axillary lymph 
rcde metastases, and in all mediallv and 
centrally located lesions regardless of the 
status of the axillary lymph nodes. (3) 
Preoperative irradiation followed by rad- 
ical mastectomy was used when the pri- 
mary lesion and breast had been grossly 
cisturbed by previous incisions for biopsy 
specimens, and in the occasional case with 
bcrderline criteria for operability. (4) In- 
teasive irradiation was the primary treat- 
ment, whether preceded or not bv simple 
mastectomy, in those patients with tech- 
r17ally unresectable or clinically inoperable 
tumors according to the criteria similar to 
those of Haagensen. Dr. Jerome A. Urban 
at Memorial Hospital advocated extended 
monoblock radical mastectomy in an at- 
tempt to improve the cure rates of breast 
cancer. Of 315 patients treated $ or more 
wears ago, approximately one-half showed 
ax llarv involvement and one-third internal 
mammary involvement. Seventy per cent 
are alive at § years and 66.6 per cent are 
cinically free of disease. Dr. Ruth J. Gutt- 
mann of the Francis Delafield Hospital 
presented the role of megavoltage irradia- 
tcn for the control of regional lymph node 
beiring areas 1n breast cancer. Regional 
l-mph node bearing areas are routinely 
imridiated in three situations: (1) in pa- 
cents who have had a radical mastectomy 
and where massive involvement of axillary 
lymph nodes was found; (2) in patients 
with metastatic or recurrent disease in in- 
ternal mammary, supraclavicular or axil- 
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lary Ivmph nodes after a radical mastec- 
tomy; and (3) in patients with a clinically 
operable lesion who were classified as in- 
operable because biopsies of the highest 
axillary or internal mammary lymph nodes 
showed disease before the mode of treat- 
ment was decided upon. The dosage in all 
patients where definitive radiotherapy is 
indicated is 2,000 rads delivered in 5 weeks. 

Following the session on breast cancer, 
Dr. Ivor Fix of New York reported on the 
evaluation of radiotherapy management of 
intracranial glial tumors without prior sur- 
gery. 

The second half of the Friday morning 
session was devoted to subjects on radia- 
tion therapy of carcinoma of the vocal cord 
without mucosal reaction, analysis of com- 
plication following megavoltage therapy 
for squamous cell carcinoma of the tonsillar 
area, multiple primary cancers of the upper 
respiratory and alimentary tracts, and 
some aspects of radiotherapy in relation to 
thyroid cancer. The latter subject was pre- 
sented by Protessor D. W. Smithers of the 
Royal Marsden Hospital, London, Eng- 
land. 

The fourth scientific session under the 
chairmanship of Dr. Sidney Rubenfeld on 
Friday afternoon opened with a panel dis- 
cussion on the management of solitary 
metastasis. Dr. Philip Rubin of Strong 
Memorial Hospital, Rochester, New York, 
acted as moderator. Other members of the 
panel were Professor D. W. Smithers, Dr. 
Danlev P. Slaughter of Chicago, Dr. Oscar 
Creech, Jr., of New Orleans and Dr. Morgan 
Berthrong of Colorado Springs. This com- 
plex subject was discussed by the modera- 
tor and panelists in great detail from many 
standpoints. Many solitary lesions which 
were considered primary at first proved 
later to be metastatic after thorough in- 
vestigation. Professor Smithers emphasized 
the advantages of delay in the management 
of lung metastasis. 

Following this panel discussion, Dr. 
Francisco Comas read notes on observation 
on the accidental prolonged exposure of a 
family of five to an industriallv used co- 
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balt 60 source. Four persons, including a 
pregnant young woman, died but the fifth 
survived and is without symptoms. The 
family consisted of a father, mother, a boy, 
a girl and a grandmother. The survivor, the 
32 year old father, received a dose of 994- 
1,716 rems to the whole body. The others 
who did not survive received higher doses 
ranging from 1,373 to 5,165 rems. The last 
paper presented during this session was by 
Dr. Justin J. Stein on an evaluation of 
treatment methods for lung carcinoma. 

The highlight of the meeting was the 
presentation of the Annual Janeway Lec- 
ture. Dr. Edith H. Ouimby introduced Dr. 
T. A. Watson, distinguished radiotherapist, 
who possesses unique experience in the 
management of cancer. The subject of his 
lecture was cancer of the breast. In relating 
his observations in the Province of Sas- 
katchewan, Dr. Watson placed emphasis 
on the difficulty of staging breast cancer 
and reporting on results of treatment based 
on staging. He compared his gross five-year 
survival rates to those of McWhirter’s, be- 
lieving that the statistics would be more 
comparable because each received his ma- 
terial from a certain geographic region. His 
main method of treatment was radical 
mastectomy followed by postoperative ra- 
diotherapy where indicated as compared to 
McWhirter’s main method of treatment 
which was simple mastectomy followed by 
postoperative radiotherapy. Dr. Watson's 
gross five-year survival rates are 58 per 
cent as compared to McWhirter's 42 per 
cent. He suggested that further improve- 
ment could be obtained by Urban's supra- 
radical operation combined with postopera- 
tive megavoltage irradiation when the 
lymph nodes are found to be involved. 

In the early evening, a reception was 
held in the spacious and well decorated In- 
ternational Room, which was later followed 
by the Annual Banquet in the same attrac- 
tive room. Dr. Joseph H. Farrow intro- 
duced the members and wives at the 
Speaker's Table. Dr. Charles G. Stetson, 
recent past president of the Society, read 
and presented a scroll to Mr. Harvey 
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Picker in honor of his father, Mr. James 
Picker who, in the past, so generously con- 
tributed to the welfare of the American 
Radium Society. Dr. Farrow, in eloquent 
terms and with apprapriate ceremony, pre- 
sented the Janeway Medal to Dr. T. A. 
Watson for his outstanding achievements 
in the field of radiotherapy. The President 
also expressed his gratitude on behalf of 
the Society to Dr. Manuel Garcia and the 
members of his Local Arrangement Com- 
mittee for the efforts in extending their 
gracious hospitality. Members and guests 
were entertained by talented dancing and 
singing groups and also participated in the 
dancing during the evening. 

The fifth scientific session was called to 
order on Saturday morning by Dr. Roald 
N. Grant of New York serving as chairman. 
Dr. Edith H. Ouimby moderated a sym- 
posium on a critical analysis of some diag- 
nostic tests using radioactive isotopes. Dr. 
N. David Charkes presented material on 
bone scanning using Sr® in which he dem- 
onstrated metastatic cancer which could 
not be located by conventional roentgeno- 
graphic techniques. Other conditions which 
give rise to new bone formation, such as 
osteomyelitis, Paget’s disease and fracture, 
also result in marked radiostrontium ac- 
cumulation, which indicates that a positive 
scan is not necessarily diagnostic of cancer. 
Dr. E. Richard King spoke on visualization 
of the pancreas by means of photoscanning. 
Seleno”-methionine localizes to a certain 
extent in the pancreas. The interpretation 
of lesions in the pancreas is still difficult. 
Preliminary studies have indicated that 
the pancreas may assume three types; 
namely, (1) the high transverse, (2) the 
horseshoe and (3) the sigmoid configura- 
tion. Dr. Henry N. Wagner, Jr., demon- 
strated regional pulmonary blood flow by 
scanning the lungs after the intravenous in- 
jection of I" labeled macroaggregated al- 
bumin. Massive pulmonary embolism and 
other lung lesions causing obstruction to 
blood flow can be identified with this tech- 
nique. Dr. Philip M. Johnson contributed 
information on placental localization by 
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the use of either human serum albumin 
labeled with I! or human serum labeled 
with Cr? Identification of the placental 
implantation site facilitates the differential 
diagnosis of vaginal bleeding during the 
third trimester of pregnancy and the selec- 
tion of a satisfactory site for amniocentesis. 
This procedure proved to have a 97 per 
cent accuracy as compared to 78 per cent 
with conventional roentgenography. 

The second half of the last scientific ses- 
aon included presentations on cyclotron- 
produced short-lived radioactive isotopes, 
the place of lymphangioadenography in the 
diagnosis and treatment of malignant dis- 
ease, hormonal urinary excretion in car- 
einoma of the cervix, how to irradiate cer- 
vix cancer without actually irradiating 
-ourself, evaluation of methods of com- 
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putor estimation of interstitial and intra- 
cavitarv dosimetrv, cylindroma, and the 
etiology and pathology of buccal mucosa 
cancer in South India. 

The Forty-seventh Annual Meeting of 
the American Radium Society proved to 
be successful bv the unusuallv large atten- 
dance, the superb qualitv of its scientific 
program and by the social and recreational 
attractions afforded by the City of New 
Orleans. The members and guests of the 
Society owe a debt of gratitude to its Presi- 
dent, Dr. Joseph H. Farrow, to Dr. 
Emanuel Garcia and the members of the 
Arrangements Committee and to the man- 
agement of The Roosevelt Hotel for their 
efforts in providing many excellent con- 
veniences and recreational facilities. 


Harry Hauser, M.D. 
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AMERICAN RADIUM SOCIETY 
ELECTS NEW OFFICERS 


At the Fortv-seventh Annual Meeting of 


the American Radium Society held at the 
Roosevelt Hotel, New Orleans, La., April 
8—10, 1965, the followie new officers were 
elected: President: Justin J. Stein, M.D., 
Los Angeles, Calif.; President-Elect: Milton 
Friedman, M.D., New York, N. Y.; 
Vice-President; Manuel Garcia, M.D., New 
Orleans, La.; 22d Fice-Prestident: Richard 
H. Jesse, M.D., Houston, Texas; Secretary: 
John L. Pool, New York, N. Y.; Treasurer: 
Juan A. del Regato, M.D., Penrose Cancer 
Hospital, 2215 North Cascade Avenue, 
Colorado Springs, Colorado 80907. 

The Forty-eighth Annual Meeting, cel- 
ebrating the Golden Anniversary of the 
foundation of the American Radium So- 
ciety, will be held at the Camelback Inn, 
Phoenix, Arizona, April 13-16, 1966. 





THE AMERICAN BOARD OF RADIOLOGY 

The spring 1966 examination of The 
American Board of Radiology will be held 
at the Terrace Hilton Hotel, Cincinnati, 
Ohio, June 6-10, inclusive. The deadline 
for filing applications for this examination 
is December 31, 1965. 

The tall 1966 examination will be held at 
the Washington Hilton Hotel, Washington, 
D. C., December :-9, inclusive. The dead- 
line jor filing applications is June 30, 1966. 

Correspondence should be directed to 
Dr. H. Dabney Kerr, M.D., Secretary, 
Kahler Center Building, Rochester, Minne- 
sota 55901. 


THE AMERICAN SOCIETY 
OF NEURORADIOLOGY 


The American Society of ! 





euroradiology 


is meeting in Atlantic Citv, New Jersey on 
June 11, 1965 at the Dennis Hotel. 

For further information, please write to 
Mannie M. Schechter, M.D.. President, 
Albert Einstein College of Medicine, East- 
chester Road, New York 61, New York. 
POSTGRADUATE RADIOISOTOPE 

IN BRAZIL 

The Center of Nuclear Medicine of the 
University of Sao Paulo, Brazil, will give a 
series of Postgraduate Radioisotope 
Courses in June and extending to Septem- 
ber, 1965. 

The topics include: Tracer methodology; 
nuclear medicine; physics applied to radio- 
isotope work and radiation hygiene; radio- 
biology; and specialty in nuclear medicine. 

The courses are sponsored bv the Bra- 
zilan Ministry of Health. 


COURSES 


OAK RIDGE INSTITUTE 

OF NUCLEAR STUDIES 
Fellowships for Graduate Studies in Health Physics 
The U. S. Atomic Energy Commission is 
effering. special Fellowships for Graduate 


Study in Health Physics to 86 selected sci- 
once students from 27 States and Puerto 
Rico. 


The Commission has also announced the 
award of § new Fellowships in Advanced 
Health Physics, and the renewal of 6 other 
Fellow ships i n the same field of science. 

The awards are made under the Special 
AEC Fellowship Programs in Health Phvs- 
ics and Advanced Health Physics adminis- 
tered for the Commission by the Oak 


Ridge Institute of Nuclear Studies 
(ORINS), Oak Ridge, Tenn. 


Oak 
, P.O. 


For further information write to: 
Ridge İnstitute of Nuclear Studie 
Box 117 7, Oak Ridge, Tennessee. 
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BOOK REVIEW 





Books sent for review are acknowledged under: Books Received. This | mit st B E asa — return for the 
ceurtesy y the dui icd Selections will be made for review in the interest of our readers as ipae permits. 


Coparr-60 TELETHERAPY: A HANDBOOK FOR 
THE RADIATION [THERAPIST AND PHYSICIST. 
By Ivan H. Smith, M.D., M.Sc., F.R.C.S. 
(Edin), F.LC.S., F.A.C.R., Professor and 
Head, Department of Therapeutic Radiol- 
ogy, and Lecturer in Pathology, University 
of Western Ontario; Radiotherapist, Ontario 


Cancer T London Clinic, London, 
Canada; (Deceased); J. €. M. Fetterly, 


M.D., CM., D.M.R.T.(Eng.), Lecturer in 
Therapeutic Radiology, University of Western 
Ontario; Radiotherapist, Ontario Cancer 
Foundation London Clinic, London, Canada; 
J. S. Lott, B. A., M.D., D. M. R.T.(E. ng.), As- 
sociate Professor of Radiology , and Director, 
Division of Radiotherapy, The Johns Hop- 
kins Medical School and Hospital, Baltimore, 
Md.; Formerly, Senior Radiotherapist, On- 
tario Cancer E oundation London Cine: 
London, Canada; J. C. F. MacDonald, M.A., 
Ph.D., Assistant Professor, Therapeutic Ra- 
diologv, and Honorary Lecturer in Physics, 
Universitv of Western Ontario; Senior Physi- 


cist, Ontario Cancer Foundation. London 
Clinic, London, Canada; Lois M. Myers, 
B.A, M.D., PhD., D.M.R.T.(Eng)., Lec- 


turer in Therapeutic Radiology, University 
of Western Ontario; Radiotherapist, Ontario 
Cancer Foundation London Clinic, London, 
Canada; P. M. Pfalzner, B.A., M.Sc., Lec- 
turer in Therapeutic Radiology: University 
of Western Ontario; Physicist, Ontario Can- 
cer Foundation London Clinic, London, 
Canada; and D. H. Thomson, M.B., Ch.B., 
D.M.R.T.(Eng.), Clinical Associate Profes- 
sor of Ther ap Radiology, University of 
Western Ontario; Senior Radiotherapist, 
Ontario Cancer Foundation London Clinic, 
London, Canada. Cloth. Pp. 464, with many 
illustrations. Price, $18.50. Hoeber Medical 
Division, Harper & Row, Publishers, 
York, N. Y., 1964. 


New 


The authors have conceived 2 volume which 
i not intended as a formal treatise on other 
radiotherapy, but rather an attempt to record 
of the staff of the Ontario 


many phases of cobalt 60 beam therapy. Its 
contents cover a 10 year period of physical and 
clinical research on a radiotherapeutic modality 
which in their belief marks a considerable ad- 
vance over conventional radiation therapy. 

The further object of the volume is to make 
available che data which the authors have 
found to be basically essential in cobalt 60 tele- 
therapy. However, the volume is not intended 
as a text for the medical student or practitioner, 
but rather as a compendium for the radiation 
physicist and radiotherapist wishing to assess 
the value of cobalt 60 beam therapy. 

The clinical aspect of the volume is based on 
more than 4,$00 patients treated initially with 
the original Eldorado cobalt 60 kilocurie sta- 
tionary unit, and more recently with a rota. 
tional hectocurie unit. For each site, treatment 
policy and case selection are discussed with 
particular emphasis placed on localization, 
treatment planning and technique and dosage. 

From the standpoint of its usefulness to the 
radiation physicist, this book is eminently suc- 
cessful. The portions on the physical as well as 
the technical aspects of cobalt 60 teletherapy 
are well done and are most helpful to the physi- 
cist, particularly the descriptions and refer- 
ences. The basic physics is also well done, but 
more detailed and comprehensive descriptions 
can be found in Johns’ "The Physics of Radi- 
ology.” Am interesting discussion is presented 
regarding cobalt 60 production, and the general 
descriptions of shutters, diaphragms and sup- 
port mechanisms are well done. There is no 


doubt, however, that there is a partiality 
toward the hectocurie unit. 
The section on interaction of cobalt 6o 


gamma ravs with matter is very brief. 

In the second part of the volume, dealing 
with the technical aspects of cobalt 60 tele- 
therapy, the physical data required for treat- 
ment are summarized succintly. The sugges- 
tions, with regards to tumor localization and 
methods o£ beam direction, are most helpful in 
terms of treatment planning. There is an excel- 
lent discussion of dose homogeneity, with a 


the experience good basic summary regarding treatment 
Cancer Foundation London Clinic with the planning irself. The sections dealing with fixed 
397 


Og 
beam therapy and moving field therapy are 
good but too brief and the same criticism can 
be made D the SECTOR on Wedbe d 

TS clinical aspects, Is Aue iue the | iti pression 
of the authors, and the comparisons do not 
come from conrralled clinical trials of cobalt 
6o teletherapy versus conventional radiation 
therapy. The treatment policy adopted for the 
cobalt 6o techniques is E the same as 
that already successfully established for con- 
ventional roentgen therapv. It is the belief of 
the authors that this modalitv of treatment has 
replaced interstitial radium application in cer- 
tain sites, particularly the buccal mucosa, tonsil 
and maxillary antrum. They also conclude that 
preoperative radiation therapy can be better 
carried out using the cobalt 60 devices. Their 
hnal conclusion is that cures may not be ap- 
preciably improved, but certainly there are 
major advances that accrue to the radiothera- 
pist utilizing this modality. 

In the section dealing with the additional 
physical data, there are many good and useful 
suggestions regarding cobalt 60 installations, 
the problems of penumbra, build-up to elec- 
tronic equilibrium, etc. The appendices also 
are well done and most helpful. 

In summary, the authors have produced a 
work that is superior in terms of physics, giving 
general excellent descriptions and a large com- 
pendium of reterences which will be most useful 
to the clinical radiotherapist. 

LurHER W. Brapy, M.D. 

AND ROENTGENOLOGY OF 
AND Masroip Process. 
B.S., M.D., F.A.CLR., 

Professor of Radiology, W estern Pis chiatric 
Institute and Clinic, T lié Falk Clinic School 
of Medicine, University of Pittsburgh; Con- 
sultant, C. Howard Marcy State Hospital, 
Pittsburgh, Pa. 
Lawrence C. Cross, R.T., Chief Research 
X-Ray Technician, Western Psychiatric In- 
stitute and Clinic; Chief X-Ray Technician, 
Veterans Administration Hospital, Leech 
Farm, Pittsburgh, Pa.; and Merle J. Stuart, 
R.T., Research X-Ray Technician, Western 
Psychiatric Institute and Clinic, The Falk 
Clinic School of Medicine, 
Pittsburgh, Pittsburgh, Pa. With a foreword 
by Kenneth M. Day, M.D. oon Pp. 149, 
with 134 figures. Price, $9.75. Charles C 


RoENTGENOGRAPHY 
THE MippLE Ear 
By Lewis E. Etter, 


Books Received 


With the collaboration of 


University. of 


]ux&, 1965 


Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, IL, 1964. 


A satisfactory examination of the mastoid 
process and of the middle ear should include, 
according to Dr. Etter, six classic projections: 
The Schüller's, the Owen! s, the Stenvers', the 
Maver's, the ‘Chamberlain Pownce and the 
basal or submentovertical projection. 

In his monograph, Dr. Etter reviews for 
each projection the technique and the normal 
roentgenographic anatomy, as demonstrated 
in the dry skull and in living subjects. A few 
pathologic examples are shown for each projec- 
tion. 

lhe last part of the book deals with the 
principles, the technique and examples of direct 
roentgenographic enlargement with four-fold 
magnification, which Dr. Etter uses for the 
study of the mastoid process and of the ear. 

The volume, which should be considered an 
atlas in view of the large number of excellent 
illustrations, is dedicated to all radiologists and 
A-ray technicians desirous of obtaining the 
maximum amount of information available 
from standard roentgenography and conven. 
tional equipment. 

GatLpiNo E. Varvassont, M.D. 


BOOKS RECEIVED 
Two Cenrurtes of Mgpicixg: a HISTORY or THE 
5cuooL or MEDICINE, Universiry or PENNSYL- 
VANIA. By George W. Corner, M.D., Sc.D., LLD. 
Cloth. Pp. 363, with some illustrations. J. p. Lip- 
pincott Compt Philadelphia ¢, Pa., 196%. 
Tumours or THE KIDNEY AND Ure TER. Edited by 
Sir Eric. Riches, M.C., M.S., EF.R.C.S., Emeritus 
Urological Careen, The Middlesex" Hospital; 
Urologist, St. Andrew's Hospital, Dollis Hill; Past 
Vice-President, The Royal College of Gute bags of 
England. V oltane V, of Monographs on Neoplastic 
Disease at Various Sites General Editor, D. W. 
Smithers, M.D, FRCP., FERCS, FER. 
Cloth. Pp. 416, with 200 illustrations. Price, 
$14.50. The Wi illias & Wilkins Company, Balti- 
more 2, Md., 1964. 
RADIATION ACCIDENTS AND EMERGENCIES IN MEDI- 
CINE, Research, AND Inpustry. Edited by 
Lawrence H. Lanzl, Ph.D., Department of Ra. 
diology and Argonne Cancer Research Hospital, 
The University of Chicago, Chicago, H.: John H. 
Pingel, M.P.H., Industrial Hygiene and Safety 
Division, Argonne National Laboratory, Argonne, 
I; and John H. Rust, Ph.D., Section of Nuclear 
Medicine, Department of Pharmacology, The Uni- 
versity of Chicago, Chicago, Ill. Cloth. Pp. 328 
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with some figures. Price, $11.75. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave. 
nue, Springfield, H., 1965. 


Tug Raptovocic CLINICS or NORTH AMERICA. Sym- 


posum on The Urinary Tract. Guest Editor, 
Isadore Meschan, M.D. April, 1955, Volume HI, 
Number 1. Cloth, Pp. 177, with many illustra- 
tions, W. B. Saunders Company, West Washing- 
ton Square, Philadelphia, Pa., 1968. 


Roenrcen DiacNosis or rue HEART AND Great 


VESSELS. Second American edition, enlarged re- 


vision. By Erich Zdansky, M.D., Professor of 


Roentgenclogy, University Institute for Roentgen 
Diagnosis and X-ray Therapy, Basel, Switzerland. 
Translated by Linn J. Boyd, M.D., F.A.C.P,, 
Clinical Professor of Medicine; Consultant, 
school of Graduate Sciences, New York Medical 
College, Flower and Fifth Avenue Hospitals, New 
York, N. Y. Cloth. Pp. 423, with 386 figures. 
Price, $26.50. Grune & Stratton, Inc., 581 Park 
Avenue South, New York 16, N. Y., 1965. 
RoeNnTGENOLOGY: — ARTERIOGRAPHY, 
PHLEROGRAPHY, Lymrnocrapuy. Edited by 
Robert A. Schobinger, M.D., F.A.C.A,, FLLCA,, 
5.G.P., Diplomate, American Board of Surgery; 
Diplomate F.M.H. in Surgery, Switzerland; De- 
partment of Surgery, Clinic St. Anna, Lucerne, 
Switzerland; and Francis F. Ruzicka, Jr., M.D., 
F.A.C.R., Director, Department of Radiology, 
The St. Vincent’s Hospital and Medical Center, 
New York; Clinical Professor of Radiology, New 
York University School of Medicine, New York. 
Cloth, Pp. 747, with many illustrations. The Mac- 
millan Company, 6o Fifth Avenue, New York, 
Me Y., 1964. 


ConcenrraL Hearr Disease: CORRELATION OF 


By Jesse E. Edwards, M.D., Director of Labora- 
tories, The Charles T. Miller Hospital, St. Paul, 
Minn.; Clinical Professor of Pathology, Medical 
School and Professor of Pathology, Graduate 
School, University of Minnesota, Minneapolis, 
Minn.; Lewis S. Carey, M.D., Director, Cardio- 
vascular Diagnostic Unit, Department of Radiol- 


Books Received £09 


ogy, 5t. Jeseph's Hospital, St. Paul, Minn.; Clin. 
ical Assistant Professor, Department of Radiologv, 
University of Minnesota Medical School, Min- 
neapolis, Minn.; Henry N. Neufeld, M.D., Chief, 
Heart Institute, Tel-Hashomer Government Hos- 
pital, Israel; Formerly Research Associate, The 
Charles T. Miller Hospital, St. Paul, Minn.; Hon- 
orary bellow, University of Minnesota, Minne- 
apolis, Minn.; and Richard G. Lester, M.D., 
Chairman, Department of Radiology, Medical 
College of Virginia, Richmond, Va. In Two Vol. 
umes. Cloth. Volume 1, pp. ! to 396; Volume t1, 
PP. 397 te &go, with many illustrations, Price, 
$45.00 the set. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa., 1965. 


PROGRESS IN Crinicat Cancer. Volume I. Edited 


by Irving M. Ariel, M.D., F.A.C,S,, Associate 
Clinical Professor of Surgery and Attending Sur- 
geon, New York Medical College, Flower and 
Fifth Avenue Hospitals; Attending Surgeon and 
Chief of the Soft Somatic Tissue Tumor Service, 
Hospital tor Joint Disease; Attending Surgeon, 
Pack Medical Group, New York, N.Y. Cloth. Pp. 
780, with many illustrations. Price, $35.00. Grune 
& Stratton, Inc., 581 Park Avenue South, New 
York 16, N. Y., 1965. 


SELECTED Papers FROM THE [NSTITUTE OF CANCER 


KEsEaRCH: Royar Cancer HOSPITAL AND FROM 
THE Rovan Marspen Hospirat, 1963. Published 
by order of the Committee of Management of the 
Institute and the Board of Governors of the Royal 
Marsden Hospital, London. Volume 18. Cloth. 
Pp. 1425, with many illustrations. The Chester 
Beatty Research Institute, Fulham Road, London, 
5. W.3, England, 1965. 


Karty Dracnosis, ParHouisrOLOGY. anp Treart- 


MENT OF MALIGNANT Tumours or THE Skin. By 
T. Venkei, M.D., and J. Sugar, M.D., State Insti- 
tute of Oncology, and Research Institute of Onco- 
pathology, Budapest. Cloth. Pp. 368, with 32. 
figures. Price, $10.00. Akadémiai Kiadó, Publish- 
ing House of the Hungarian Academy of Sciences, 
Budapest V. Alkotmány U. 21., 1965, 
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ROEN T GEN DIAGNOSIS 
Heap 


Varaparayan, M. G., and Ramameurrui, B. 
Assessment of normal physiological intracra- 
nial calcification occurring in Indian subjects. 
Mediscape, Madras, Dec., 1964, 7, 453-466. 

(From: The Barnard ]istitute of Raoa. 
and the Govt. Gen. Hospital, Madras, India.) 


Physiologic intracranial calcifications include de- 
posits within the pineal gland, the choroid plexus, 
the dura mater, T pacchonian bodies, and the 
arteries. These calcifications in and of themselves 
may be of little importance, but they can be of great 
aid in diagnosing other intracranial diseases, and 
they must be differentiated from pathologic condi- 
tions. 

Pineal calcification represents a normal degenera- 
tive change in a structure which in fetal life and in- 
fancy is histologically active but whose function is as 
yet unknown, A pineal tumor may be suspected if 
the diameter of the calcified area is greater than | 
em. In most of the reported series the incidence of 
pineal calcification has been between 5o and 65 per 
cent for all ages, there being a gradual increase from 
puberty through old age. However, in South Indian 
subjects the incidence has been no higher than 8 per 
cent. The authors suggest that lower nutritional 
standards may be a factor. 

Choroid plexus calcifications occur 2.5 em. on 
either side of the midline, and they have been re- 
ported in the range of 8 to 25 per cent of all skulls. In 
this South Indian series the incidence of such calcifi- 
cation was again low, varying between o.s and 3.0 
per cent. 

Dura mater calcification in the falx can continue to 
true bone formation. It is frequently asymmetric, 
but because of its rigidity it is of little use in detect- 
ing space occupying lesions. It occurs in about 9 per 
cent of all skulls, but in this South Indian series it 
was found in only 3.8 to $.8 per cent. 

Interclinoid bridging and tentorial calcification 
were other less frequent calcifications observed.— 


Arch H. Hal A M.D. 


Maponta, G., and Marley, A. Gli ossicini 
del” T d alcuni un a studiati con 
ingrandimento radiografico combinato. (The 
auditory ossicles of several mammals studied 
by the combined radiographic enlargement.) 
Radiol. med., Sept., 1964, 50, 386-899. (Ad- 
dress: Dott. Gino Madonia, Via Folla di 


Sotto 20/F, Pavia, Italy.) 


The auditory ossicles of several mammals have 
been studied by the authors by a combined radio- 
graphic and photographic enlargement technique, 
allowing a tenfold magnification, 

The morphology of the malleus, incus and some- 
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times of the stapes of the ox, lamb, chamois, roe- 
buck, ; Ig, aorse, mule, dog, FOX. cat, rabbit, guine: 
pig ind beawer is üccupately described. 

The investigation proves that the auditory ossicles 
of the mammals (including the man) are quite sim- 
ilar, although particular features typical of each ani- 
mal have been found. These variations involve espe- 
cially the psocesses for the suspension of the ossicular 
chain to the tympanic cavity. As a result, these 
changes may affect the oscillation of the eue 

chain to sound waves.—Ga/dino E. V 'alvassori, M.D. 


LEICHSENEBING, F. Pathological changes in the 
cervical vertebrae in patients who died after 
head trauma. German Med. Monthly, Jan., 
1962, 50, 17-25. (From: Institute of Pathol- 
ogv, Ba- a General Hospital, Hamburg, 
Gu man v.) 


The author investigated the cervical spine of all 
those who diec ed with unequivocal skull injuries during 
the last few years. The study comprises 20 such 
cases coming to necropsy; they were divided into 4 
categories according to the severity of the head 
trauma. 

The first group included persons with occipital 
fractures; the second those with non-occipital frac- 
tures of the | base of the skull; the third, persons with 
fracture lines of the skull excluding its base; and the 
fourth group those with soft tissue injuries of the 
head but nc fractures. 

The necrepsy findings showed clearly that abnor- 
malities of the cervical spine were consistently pres- 
ent in all cases of head injuries regardless of whether 
these were associated with fractures. In each case 
more or less extensive hemorrhages were demon- 
strable in the connective tissues and paravertebral 
musculatureas well as between the spinous processes. 
Traumatic hemorrhages were seen in the inter- 
vertebral disks. 

There were peridural hemorrhages extending into 
the interversebral foramina in the majority of cases 
and disseminated petechiae with associated edema of 
the central canal and spinal leptomeninges were 
demonstrated as well. These hemorrhages can occur 
in the absence of severe cerebral trauma. Therefore, 
in each case of head trauma the possibility of in- 
volvement c? the cervical vertebrae and surrounding 
structures must be kept in mind.—Francis Shea, 
M.D. 





NECK AND CHEST 


Grayson, J. THOMAS, ALEXANDER, E. Rus- 
SELL, KENNY, Gionce ee CLARKE, ED- 
MUND R., Fremont, Josepn C., and Mac- 


Corr, WiLLIAM A, Mvycoplastia pneumoniae 
infections: clinical and epidemiologic studies. 
TAAT, Feb. 1, 1965, 797, 369-374. (Ad- 


dress: Dr. Grayston, Department of Preven- 


tive Medicine, University of Washington 
School of Medicine, Seattle, Wash. 98105.) 


Atypical pneumonia was a term apphed to pneu- 
monia which is caused by a number of etiologic 
agents, including multiple virus diseases. Out of this 
group such distinct entities as influenza, psittacosis, 
Q-fever, and adenovirus pneumonias could be identi- 
fied. The etiology of the large remaining group, how- 
ever, was in doubt until some workers were able to 
confirm the Eaton agent etiology. In 1961 it was sug- 
gested that the Eaton agent might not be a virus and 
subsequent studies by Chanock succeeded in cul- 
tiveting an organism for which the term of Myco- 
plasma pneumoniae was proposed. 

This study consists of 463 persons who had acute 
upper respiratory infections on whom the following 
procedures were done: isolation procedure with cul- 
ture attempt, complement fixation test and cold 
agglutination test. Those with outright pneumonia 
were confirmed by roentgenographic examinations as 
well. 

This relatively large group of patients with proven 
M. pneumoniae has brought about the development 
of a CF test that is unusually sensitive in specificity. 

Most of these patients were in to 10 to 25 year age 
group; the disease was considered to be rather mild; 
and all responded quite well to tetracycline therapy. 
— David C. A ifs tine, M.D. 


Merys, R, Swajppg, V., Krumi, Jẹ and 
RouskovÁ, H. Pulmonary chondromatous 
hamartomas. Med. thorac., 1964, 27, 168—186. 
(From: Medical and X-ray Clinic and De- 
partment of Pathology, Institute for Post- 
graduate Medical Training, and the Tuber- 
culosis Research Institute, Prague, Czecho- 
slovakia.) 


Hamartoma was originally defined as a lesion 
found in the liver although further studies have 
shown that it more frequently occurs in the lungs. 
This review consists of 40 observations, 24 chon- 
dromatous hamartomas found by necropsy and 16 re- 
moved surgically. The authors present detailed 
studies in a tabular arrangement of all 40 cases and 
supplement the report by reproductions of pathologic 
sections as well as roentgenograms. 

The microscopic picture shows the predominant 
structure to be cartilage with the elastic type being 
most common. Frequently deposits of calcium are 
found within the cartilage. Changes indicating tran- 
sition to malignancy were not noted in any case. 

The majority of the cases in this review were 
asymptomatic except in those instances where the 
lesion was found associated with a disease causing 
the patient to be examined. Roentgen examination 
is, therefore, the most important factor in the diag- 
nosis of pulmonary chondromatous hamartomas. 
Typically they appear as solitary, almost round 
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shadows of medium density. Their surface is sharp 
and slightly irregular, ranging in size between 2 and 
€ cm. in diameter. In over one-half of them central 
granular calcifications can be proved. The broncho- 
graphic picture is usually without significant change. 

Differentiation should be considered from other 
"coin lesions," including granuloma, tuberculoma, 
mycetoma, hydatic cyst, solitary metastasis or pri- 
mary peripheral carcinoma. All of these lesions have 
the same roentgenographic appearance of a round 
peripheral shadow, sometimes calcified. According to 
general statistics, malignant processes represent 
about 40 to £o per cent of all coin lesions. 

Second to granuloma, chondromatous hamartoma 
is the most frequent form of benign coin lesion, 
Therapy requires surgical intervention since this 1s 
the only certain way to arrive at the proper diagnosis. 

In conclusion, the authors state that chondroma- 
tous hamartomas are congenital in their origin and 
grow to various sizes. They are absolutely benign 
and clinically asymptomatic. Chondromatous 
hamartomas are discovered only by roentgen ex- 
amination, but the diagnosis can seldom be made by 
the roentgenographic appearance alone.——Dac:4 C. 


Aiftine, M.D. 


Hoimes, Brian R. Calcifications of the heart. 


and Toronto General Hospital, Toronto, On- 
tario, Canada.) 


'The various types of cardiac calcification tend to 
have characteristic locations and roentgen appear- 
ances. 

The advent of surgical techniques for treating 
many of the diseases in which calcific lesions occur, 
and the parallel development of better radiologic 
techniques, make the evaluation significant in 
assessing such conditions as valvular heart disease, 
coronary artery disease and some forms of heart 
failure. 

Calcification in the heart is of two types, meta- 
static and dystrophic. 

Metastatic calcification is much less common and is 
associated with increased availability of calcium ton. 
It may be seen in such conditions as hyperparathy- 
roidism, hypervitaminosis D and renal insufficiency. 
It is usually associated with calcification in other 
organs as, for instance, lungs, stomach and kidney. 
The deposits are likely to accumulate in tissues with 
a hyaline structure such as the endocardial elastica 
of the atrium. 

Dystrophic calcification of one form or another is 
extremely common. It does not require any change 
in the level of serum calcium and owes its occurrence 
purely to local pathologic change. It is thought to be 
related to a low production of carbon dioxide in 
slowly metabolizing tissue, resulting in a local zone of 
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relative alkalinity and, therefore, reduced calcium 
solubility. Thus it can occur in any area of devital- 
zed tissue. 

The most efficient way of recognizing the presence 
əf calcium is by means of an image intensifier, and 
the best method of recording its presence is on cine- 


alm. 


Laminagraphy has been described as a method of 


lemonstrating cardiac calcifications. In principle, 
this also is an inefficient method, inasmuch as the 
object to be recorded is usually in motion, as are the 
roentgen-ray tube and the film. 

The different structures which calcify generally 
tend to do so in one of three ways: 

1,— Plaques (pericardium, atrial wall, thrombi). 

2.— Linear streaks (coronary arteries, ligamentum 

arteriosum). 

3.—Nodules (valves, mitral annulus). 

The first group may be seen en face or in profile, 
:he second end-on or at full length and the third in 
various projections. In identifying the presence, loca- 
tion and nature of a calcification, one must make use 
of varying patient positions and calcification move- 
ments, and must choose appropriate milliamperage 
and kilovoltage. 

Calcification of coronary arteries is probably the 
most difficult to appreciate. 

Detailed techniques for ascertaining different 
types of calcification in the pericardium, coronary 
arteries, myocardium, valves, and in aneurysms are 
comprehensively described and accompanied with 
numerous illustrations.—Stephen N. Tager, M.D. 


ABDOMEN 


GLANVILLE, J. N. Further experience with the 
ward acute barium meal. C/in. Radiol., Jan., 


1965, 76, 93-95. (Address: St. James TÉ 
tal, Leeds, England.) 


After going without anything by mouth for 2 
hours, the patient drinks 4 to 5 ounces of liquid 
barium: He is then turned to the right side for 1 to 2 
minutes, following which he lies supine On à cassette. 
A portable roentgenographic unit is used for making 
an exposure in this position, a mouthful of thick 
barium being swallowed just before exposing the 
film. The patient then lies prone with the left side 

raised 30^, or if examination is made during a blood 
transfusion, this second film is exposed with the pa- 
tient supine, and with the right side raised 30°. 

In a study of 100 patients checked by laparotomy, 
zastroscopy or a later barium meal examination in 
the X-ray Department, there were positive findings 
in 4I (duodenal ulcer, 15; gastric ulcer, 15; eso- 
phageal varices, 2 » hiatus ien 8; duodenal diver- 
ticulum, 1). The findines were Nora ne in 40 pa- 
tients 1 probably had acute ulcers. The diagnosis 
was incorrect in 19 cases, being missed in 13 (gastric 
ulcer, 3 3; duodenal ulcer, 9; neoplasm, 1), while false 
positive findings were reported in 6, 
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This method is recommended as a method of local- 
izing the site of bleeding in hematemesis where the 
patient cannot be moved to the X-ray Department. 
—Samuel &. Henderson, M.D. 


INpRa, K. J., and CHawra, S. Trichobezoar— 
a case report. J. Canad. A. Radiologists, 
Dec., 1964, 75, 193-194. (From: Department 
of Radiology, Lady Hardinge Medical Col- 
lege and Hospital, New Delhi-1, India.) 


The total number of reported cases of trichobezoar 
up to 1961 was 240, of which only a few are recorded 
in the radiologic literature. The authors describe an 
additional case in detail. 

A 10 year old female was admitted to the Lady 
Hardinge Medical College and Hospital with a his- 
tory of loss of weight and vomiting, off and on, for 
4 months. A mass, approximately 12 cm. by 8 
cm., with a smooth surface was palpable in the epi- 
gastrium. 

A bolus of barium was given under fluoroscopy. 
The greater and the lesser curvatures were distinctly 
outlined, showing the mass to be intragastric. Peri- 
stalsis was absent. The mass extended into the first 
and second parts of the duodenum, the third part of 
which appeared partially obstructed. A diagnosis of 
trichobezoar extending into the third part of the duo- 
denum was made. 

The follow-up roentgenograms showed the barium 
caught in the mass, giving a mottled and blotched ap- 
pearance which persisted for 24 hours. 

On close questioning, the mother admitted that 
she had noticed the child occasionally plucking her 
scalp hairs and swallowing them. 

At surgery, a large hair-ball was found, almost 
completely filling and distending the whole of the 
stomach, pylorus, first and second parts of the duo- 
denum and forming almost a complete cast of them. 
The postoperative period was uneventful. 

The authors state that most hair-balls are found in 
females. Symptoms arise only when the ball has 
reached sufficient size to cause a palpable mass in the 
abdomen. The usual symptom complex consists of 
abdominal pain, nausea, vomiting, loss of weight and 
palpable mass in the abdomen. 

The roentgenologic features are often character- 
istic. A plain roentgenogram of the abdomen may 
reveal a large mass lying within the stomach and 
separated from the stomach wall by a thin line of air, 
the upper part of the mass projecting within the 
fundal gas. The gastric air bubble is frequently oblit- 
erated. Peristalsis is usually absent with marked 
delay in the emptying of the stomach. 


The treatment is necessarily surgical —Stephen N. 
Tager, M.D. 


MORGENSTERN, Leon, FREILICH, MICHAEL, 
and Pawisg, JoeL F. The circumferential 
small-bowel ulcer: clinical aspects in 17 pa- 
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tients. 7.A.M.A., Feb. 22, 1965, 797, 637- 
640. (Address: Dr. Morgenstern, 4833 Foun- 
tain Avenue, Los Angeles, Calif.) 


Recent reports of circumferential small bowel 
ulceration in adults receiving thiazides and potas- 
sium have led the authors to review their experience 
with 17 of these cases during the past 4 years. Two 
cases are reported in detail and 15 in summary. Six- 
teen of the 17 patients were definitely receiving 
thiazide and potassium drugs and the 17th may also 
have received them. 

The roentgenographic appearance is that of a short 
stenosing annular lesion occurring in the jejunum or 
ileum and varying in length from a few millimeters 
to 4.8 cm. Small bowel obstruction is usual and per- 
foration occurred in 4 patients. The most frequent 
symptom complex is intermittent cramps, nausea and 
distention often occurring post prandial. Treatment 
Is segmental resection and in this series produced uni- 
formly good results. Pathologic examination of the 
ulcer shows nonspecific ulcerative and inflammatory 
change without evidence of vasculitis. 

The authors speculate on the role of thiazide and 
potassium in causing the ulcer and postulate that the 
lesion is due to local action of an irritating agent on 
the mucosal surface with resultant sustained contrac- 
tion accounting for the circumferential nature of the 


lesion.-~fohn A. Tobin, M.D. 


SOUTER, Wittiam A. Bolus obstruction of gut 
after use of hydrophilic colloid laxatives. 
Brit. M. F., Jan. 16, 1965, 7, 166-168. (Ad- 
dress: l'ormerly, Surgical Registrar, Derby- 
shire Royal Infirmary, Derbyshire, England.) 


The author discusses the obstruction to the large 
gut from a bolus of hydrophilic colloid laxative, given 
in all 3 instances described, during a recent post- 
operative period. Two deaths resulted and the third 
case recovered spontaneously on conservative treat- 
ment. 

Apparently the lack of normal peristalsis causes 
distention of the gut beyond a certain critical level, 
when the bowel becomes incapable of passing the 
hydrophilic bolus onward. It would seem that this 
product should not be used in a recent postoperative 
period. A survey of the English and French literature 
has yielded ouly 2 other similar cases, bringing the 
total to s. 

The author supports the documentation in each 
of the 3 cases by roentgenographic illustrations 
which accompany the article.—-David C, Alftine, 
M.D. 


DassEr, PauL M, Intestinal obstruction--a re- 
view of some uncommon causes. Mich. Med., 
Mar., 1965, 64, 176-181. (From: Department 
of Radiology, Ferguson-Droste-Ferguson 


Hospital, Grand Rapids, Mich.) 
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Paralytic ileus is the most frequent cause of severe 
small bowel distention, either primary or postoper- 
ative. The principal mechanical obstructions are 
caused by adhesions, small bowel hernias, colonic 
neoplasms, and diverticulitis. These two large cate- 
gories probably account for about 85 per cent of all 
bowel obstructions. 

The author reviews a significant group of miscel- 
laneous causes which are uncommon but not rare. 
Most of these demand prompt surgery for survival of 
the patient and yet they cften result in only moder- 
ate or nonspecific symptoms and clinical findings. 
One must frequently check and constantly keep in 
mind the causes of intestinal obstruction in order to 
suspect the possibility of an unusual case when it is 
encountered. 

Seven types of unusual obstructions are illustrated 
by case presentations. These include: (1) malignant 
neoplasms of the small bowel, (2) volvulus of the 
colon, (3) mesenteric infarction, (4) gallbladder per- 
foration, (5$) inflammatory strictures, (6) foreign 
bodies, and (7) fecal obstruction. Surprisingly, fecal 
obstruction is the most common of these uncommon 
entities, resulting in § per cent of all deaths from in- 
testinal obstruction.—.4rch H. Hail, M.D. 


Marcus, R., and Warr, J. The radiological ap- 
pearances of diverticula in the anti-mesen- 
teric intertenia area of the pelvic colon. Clin. 
Radiol., Jan., 1965, 76, 87-92. (Address: Dr. 
Marcus, Consultant Surgeon, Clatterbridge 
Hospital, Bebington, England.) 


Recent studies have shown that involvement of the 
antimesenteric intertenia area in diverticulosis of the 
pelvic colon is much more common than has hitherto 
been thought. Several types of lesions can be recog- 
nized. These have been described as transverse linear 
fibrous striae; separation of circular muscle into 
coarse bundles, showing relative hypertrophy and 
atrophy of fasciculi; and three types of diverticula— 
intramural, ridge and saccular. In examination of a 
series of postmortem specimens of pelvic colons, all 
of which showed diverticulosis, there was involve- 
ment of the antimesenteric intertenia area in 
nearly ço per cent of the specimens. Although the 
earliest visible stage in the development of diverticu- 
losis in the antimesenteric intertenia area is the 
presence of transverse linear striae, it is only with 
the development of intramural ridge and saccular 
diverticula that roentgenologic changes become 
apparent. 

Intramural diverticula invariably occur at the sites 
of horizontal linear fibrous striae. In barium.filled 
specimens they produce a spiky outline. The spikes 
are shorter and the base is wider when the bowel is 
distended. Ridge diverticula present as ridge-like ele- 
vations which run transversely in the antimesenteric 
intertenia area. They represent a further stage in 
the development of diverticulosis in the anti- 
mesenteric intertenia area, and, hence, are fre. 


YoL. 94, No, 2 


guently associated with horizontal fibrous striae and 
intramural diverticula. Roentgenologicallv they also 
produce a spiky outline. The apex is usually rounded 
and may balloon to a certain extent. Saccular diver- 
Hcula present as smooth rounded projections, 
varying in size up to about 1 cm. in height. Thev are 
much larger than the usual form of ridge diverticula. 
As a rule they are located in the lower half of the 
pelvic colon, and occur in association with intra- 
mural and ridge diverticula. 

Diverticula in the antimesenteric intertenia area 
are much smaller than lateral diverticula. The 
earliest roentgenologic change is a very fine irregu- 
larity of outline, corresponding to outward mucosal 
protrusions at the sites of transverse linear fibrous 
striae. In the next stage, the mucosal protrusions be- 
tween the circular muscle bundles, as seen in 
intramural diverticula, give an appearance of small 
spikes with pointed apices. Ridge diverticula, occur- 
ring as a further extension of the mucosa beyond the 
muscularis, produce a spiky outline of the same gen- 
eral configuration, but the apices tend to be rounded 
or ballooned. Saccular diverticula are considerably 
larger, wide necked, rarely contain fecoliths, and 
have a smooth rounded outline.—Samuel G. Herider- 


son, M.D. 


SKELETAL SYSTEM 


Craus, H. G. Gibt es eine streifige Form der 
Osteopa kile? (Does a striated type of 
osteopoikilosis exist?) Fortschr. a. d. Geb. d. 
Röntgenstrahlen u. d. Nuklearmedizin, Nov., 
1964, ZOZ, 522-530. (Address: Institut. für 
Klinische Strahlenkunde der Johannes-Gu- 
tenberg-Universitát, 6500 Mainz, Germany.) 


Osteopoikilosis is a well recognized entity charac 
terized by spotty or sprinkled condensations of bone. 
lt is asymptomatic and without clinical significance. 
Etiology and pathogenesis are undetermined, but 
hereditary factors are well established. Constitu- 
tional anomalies with associated malformations have 
also been observed. 

A so-called striated variety is rare, having only 
been described ten times. There is, however, no 
histologic similarity with the typical osteopoiki:osis. 
Spotty radiolucencies are present between the sclzrot- 
ic striae, especially in the extremity bones. These 
are caused by islands of cartilage as in. chondrodys- 
piasia. There is also metaphyseal flaring of extremity 
bones with overgrowth and presence of associated 
exostoses. The variety is believed to be due to neuro- 
trophic disturbance of bone tissues as in Ollier's 
disease, having also been called “‘osteopathia striata” 
with monomelic involvement. In contrast to the 
spotty form, hereditary factors have not been veri- 
fied. Occasionally, associated skin changes, similar 
to those of the spotty form, are observed, having 
been called dermatofibrosis lenticularis disseminata. 
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A so-called mixed form has also been described. It 
is supposed to be a combination of the spotty and the 
striated forms. In addition to dense spots, larger 
longitudinal and ovoid condensations of bone are 
present. The striae resemble those of melorheostosis. 
The existence of such a form, however, is very doubt- 
ful and inadequately supported as the mixed pattern 
can be simulated by confluence or by summation of 
superimpcsed densities. 

It :s the author's contention that the striated form 
is a variety of histologically proved chondrodys- 
plasia, having nothing in common with the spotty 
osteopoikdosis which is a true condensation of bone. 
There is no justification for 3 3 separate forms, and the 
existence of a striated variety is most an probable.— 


Ernest Kraft, M.D. 


CHawLa, S. Cranio-skeletal dysplasia with 
acro-osteolysis. Brit. Y. Radiol., 1964, 37, 702- 
705. (From: Department of Radiology, Lady 
Hardinge Medical College and Hospital, 
New Delhi 1, India.) 


This unusual skeletal anomaly was first described 
by Hajdu and Kauntze in 1948 under the heading of 
cranio-skeetal dysplasia. Since then only 3 more 
cases have been reported in the world medical litera- 
ture. The author presents a fifth case which illus- 
trates all the features of this rare dysplasia. The 
patient, a ‘emale, aged 33 years, housewife, presented 
with a history of chronic cough and expectoration 
for 2 vears. The only significant clinical abnormalities 
were short plump fingers and toes with bulbous ends, 
and broad curved nails; completely edentulous jaws 
and hypotonia of all the extremities. Joint hyper- 
mobility was particularly evident in the knees and 
interphalangeal joints. Clinical examination was 
otherwise normal and full investigation of the blood 
and urine revealed no abnormality. 

Roentgenologic examination demonstrated cystic 
changes involving the whole of the right lung; these 
were shown by bronchography to be due to wide- 
spread brenchiectasis. The skeletal changes were as 
follows: 

S&u/I:delichocephalie, the pituitary fossa being 
enlarged with a peculiar boat shape and thinning of 
the clinoid processes; the sutures, especially the 
lambdoid, were wide with sclerotic margins; wormian 
bones were present in the occipital region. 

Mandibie:atrophic with absorption of the alveolar 
margins; both the maxilla and the mandible were 
edentulous except for a few unerupted teeth in each. 

Lumbar spine:generalized osteoporosis with bi- 
concave vertebrae and abnormal kyphotic curve of 
the sacrum, 

Pelis: the sacrum was grossly deformed with ero- 
sion of the lateral borders; the pelvis was osteo- 
porotic, centracted and triangular in shape; both 
margins of the symphysis pubis were eroded. 

Hazads:bulbous swelling of the finger tips with bi- 
lateral, asymmetric absorption of the terminal 
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phalanges, the tips being spared in some fingers; the 
absorption extended to the center of the middle 
phalanx of the index finger in the right hand. 

Elbows: the right elbow and forearm were normal 
but on the left side the bones were osteoporotic and 
hypoplastic, and the radial head was dislocated. 

Feet: the terminal phalanges showed similar ab- 
sorption; the bases of the first distal phalanges were 
expanded with absorption of their mid-shafts and 
preservation of their tips; the head of the first right 
proximal phalanx was atrophic, 

Reproductions of a photograph and several 
roentgenograms illustrating the findings are in- 
cluded.—Deuglas S. Kellogg, M.D. 


LANGENSKIÖLD, A., and Riska, Erik B. Tibia 
vara (osteochondrosis deformans tibiae): a 
survey of seventy-one cases. 7. Bone © Forni 
Surg., Oct., 1964, 46-4, 1405-1420. (From: 
Orthopaedic Hospital of the Invalid Founda- 
tion, Tenalavigen 10, Helsinki, Finland.) 





The authors report 71 cases of tibia vara—a 
disturbance of growth of the epiphyseal cartilage, 
epiphysis, and metaphysis at the medial aspect of 
the proximal tibia, resulting in an angulation into 
'arus deformity below the knee. Two different types 
have been described; an infantile type and an ado- 
lescent type. This report includes 61 cases of the 
infantile type and 10 cases of the adolescent type. 

The infantile type becomes apparent between the 
ages of 1 and 33 years. It may be impossible to dif- 
ferentiate it from a marked "physiological" bow leg 
when initially seen. Microscopic studies show that 
cartilage necrosis in the zone of resting cartilage 1s 
characteristic. Only 2 cases showed spontaneous re- 
gression; therefore, the authors feel that surgical 
correction should not be delayed. The results are 
best when the surgery is done before the age of 8 
years. The various operative procedures used, ac- 
cording to the severity of the condition, are described. 

The adolescent type appears at the age of 8-11 
years. It differs roentgenographically from the 
infantile type in that there is no characteristic step- 
like deformity of the medial epiphyseal line. There is 
a narrowing of the middle part of the medial half of 
the epiphyseal plate. After the growth period, the 
adolescent type can be distinguished from the infan- 
tile type only by history. Spontaneous regression 
may occur in the adolescent type, and surgery is 
recommended only if the disease shows progression. 


—Richard W. Van Buskirk, M.D. 


GOLDENBERG, RapHaEL R. Chondrosarcoma. 
Bull. Hosp. Joint Dis., April, 1964, 25, 30-49. 


The original classification of the Bone Sarcoma 
Registry of the American College of Surgeons did not 
differentiate between chondrosarcoma and the other 
forms of sarcoma arising in bone. Phemister was one 
of the first to emphasize the distinction between 
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chondrosarcoma and ostecgenic sarcoma. In 1939 
the Committee of the Registry of Bone Sarcoma 
published a revised classification of bone tumors and 
accepted Phemister's concept of chondrosarcoma as 
a distinct malignant bone tumor. It is of interest 
that MacDonald and Budd found that about one- 
half of the recorded 5 year cures of osteogenic 
sarcoma, in the files of the Bone Sarcoma Registry, 
appeared to represent instances of either chondro- 
sarcoma or fibrosarcoma. A significant contribution 
was made by Lichtenstein and Jaffe when they de- 
fined chondrosarcoma pathologically and established 
the histologic criteria for the differentiation between 
benign and malignant cartilage tumors. Their studies 
established the following histologic criteria when 
viable noncalcifving areas are examined: (1) many 
cells with plump nuclei; (2) more than an occasional 
cell with two such nuclei; and especially (3) giant 
cartilage cells with large single or multiple nuclei or 
with clumps of chromatin. 

Roentgenographically, the most common site of 
central chondrosarcoma of bone is the shaft of a long 
bone, the proximal part of the femur and humerus. 
Less frequently, the tibia, lium and a rib have been 
implicated by the lesion. Approximately half of all 
peripheral chondrosarcomas involve some part of the 
pelvis. In the majority of cases of chondrosarcoma of 
bone, the lesion shows an expanding, somewhat 
loculated area of rarefaction with scattered, rounded 
or elongated areas of stippling, calcification or ossifi- 
cation, and the cortices become thinned. The stip- 
pling or radiopacities indicate that the tumor tissue 
matrix is undergoing calcification. Only an occa- 
sional case of chondrosarcoma of bone will fail to 
show the radiopacities which are characteristic of 
cartilaginous lesions. In those infrequent cases, the 
lesion is often seen as an expanding area of radio- 
lucency. When the tumor has perforated the confines 
of the bone, the involved portion of the cortex be- 
comes thickened by new bone. The extraosseous 
tumor mass will usually show roentgenographic evi- 
dence of calcification and even ossification. 

In the majority of cases, surgical intervention 
when done initially should be radical. The policy of 
preserving one joint ahead of the tumor is a valuable 
one. A chondrosarcoma in the femur or humerus 
should be treated by disarticulation of the hip or 
shoulder joint, respectively. If the lesion has per- 
forated the femoral or humeral cortex and has in- 
vaded the soft tissues of the hip or shoulder, then 
either a hemipelvectomy or a scapulohumeral dis- 
articulation would be indicated. The possibility of 
recurrence must constantly be borne in mind. The 
literature does not record any case which was cured 
bv radiation therapy. 

'The author has observed 22 cases of chondrosar- 
coma of bone and $ cases of chondrosarcoma arising 
in soft tissue. Eight case reports are presented, illus- 
trating the clinical, roentgenographic, gross and 
microscopic characteristics, and end results of 
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chondrosarcoma. Several excellent reproductions of 
photomicrographs and roentgenograms are included. 
—Douglas S. Kellogg, M.D. 


NORMAN, WiLLiAM H. A child with three lower 
extremities. 7. Bone & Joint Surg., Dec., 
1964, 46-4, 1755-1758. (Address: go8 Hume- 
Mansur Building, Indianapolis 4, Ind.) 


This very rare anomaly was present in a female 
infant who had an extra right lower extremity. 
There were no other defects. There was a hemipelvis 
with a leg measuring 9} inches in length at 11 weeks, 
The long bones and patella were normal. There was 
a posterior superior dislocation of the femoral head 
with a very shallow acetabulum. The foot was de- 
formed and had 3 digits and 3 metatarsals. Two 
ossification centers were present In the region of the 
calcaneus. 

The limb and hemipelvis were amputated. 

There is a discussion of the embryologic formation 
of limbs. A genetic factor appeared to be excluded 
and the opinion was advanced that the extra limb 
was apparently due to a mechanical factor, leading to 
splitting of the original limb primordium.~——Martha 
Mottram, M.D. 


Horwitz, Tuomas. Some pathologic considera- 
trons in the diagnosis of lumbar intervertebral 
disk lesions. Bull. Hosp. Joint Dis., April, 
1964, 25, 21-29. (Address: Assistant Profes. 
sor of Orthopedic Surgery, Indiana Univer- 
sity School of Medicine, Indianapolis, Ind.) 


The author states that there is no disagreement 
with the excellence of the results following excision 
of the intraspinal lesion in the classic case of pos- 
terior protrusion or extrusion of intervertebral disk 
substance. There has not, however, been uniform 
satisfaction with the sustained results following 
this procedure in the lower lumbar spine and this has 
prompted the supplemental use in some clinics of 
primary spine fusion. An important consideration is 
that the selection of cases has broadened considerabl y 
to include other vertebral lesions which also produce 
a neurologic deficit and myelographic defect. A con- 
sideration of some established findings in inter. 
vertebral disk pathology may serve to clarify this 
further. 

First, a posterior disk protrusion is part of a more 
generalized disk degeneration. Both the anatomist 
and pathologist recognize a posterior disk protrusion 
as a part of generalized degenerative lesion that in. 
volves the entire intervertebral disk. The pathologist 
finds degenerative changes in the interior content of 
a disk space, removed at the time of surgery, even in 
the acute protrusion with no previous history of 
backache and a normal roentgenogram. It is noted 
that a posterior protrusion of a normal intervertebral 
disk by a single injury must be extremely rare, if it 
occurs at all. 
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Secondly, not every intervertebral disk lesion is 
clinically significant. Degenerative disk disease per 
se, when it evolves slowly as with advancing years, 
may be associated with little or no clinical mani- 
festation. A localized posterior disk protrusion need 
not be symptomatic if small and centrally located, 
especially when there is no nerve root involvement. 
It is noted that the lumbar neural canal may be en- 
croached upon to a remarkable extent without 
neurologic complication, the cauda equina being 
displaceable within a wide range; this is well demon- 
strated in advanced grades of spondylolisthesis. In 
accord with this, Lewy in 1949 came to the conclu- 
sion from his study that a “bulging disk" should not 
be excisec unless there is definite evidence of its 
encroachment upon a posterior root, 

Thirdly, other lesions, alone or in association with 
posterior disk protrusion, may contribute to the 
clinical picture. It is essential to recognize that other 
lesions, which are largely the result of degenerative 
processes that involve the intervertebral disk, liga- 
mentun flavum and adjacent bone structures, may 
produce defects in an intraspinal column of contrast 
medium that are characteristic of an extradural 
lesion. The lesions considered are: (a) “posterior 
bulging’ formed by thin disk substance overl ying the 
hypertrophied or exostotic posterior margins of ad- 
jacent vertebrae; (b) projection of the posterior 
border of the fifth lumbar body behind that of the 
upper sacrum in association with intervertebral disk 
degeneration, especially the posterior half; and (c) 
‘anterior bulging’ of the ligamentum flavum due to 
a marginal bony proliferation of the under! ying 
facets. Jonck concluded from an anatomical study 
of 400 lumbar spines that when a disk is narrowed it 
appears that the most likely structures to cause 
pressure om the nerve root are not the disk itself but 
the superior articular processes with their over] ying 
ligamentum flavum. Laminar thickening is receiving 
some attention as an intraspinal space-occupying 


factor.--Deuglas S. Kellogg, M.D, 
GENERAL 


Brown, James. Primary amyloidosis. C/in. 


In this article the author discusses the roentgeno- 
logic features encountered in primary amyloidosis, 
and reports 6 new cases in which the diagnosis was 
not suspected clinically or roentgenologically. 

Cardiac failure is frequently due to deposition of 
amyloid within the myocardium. Roentgenologic 
studies usually show an enlarged cardiac silhouette. 

Localized deposits of amyloid tissue within the 
upper respiratory tract and air passages is the most 
frequent manifestation of the respiratorv form of 
the disease. The most common form of lower re- 
spiratory tract amyloidosis is a diffuse stenosing 


cis 


infiltration of the trachea and bronchi giving a 
characteristic bronchoscopic appearance. One may 
see an indefinite haziness of the lung fields on the 
roentgenogram, or there may be pleural effusion, or 
a stippled or nodular appearance, with diffuse ac- 
centuation of the bronchovascular pattern. 

The roentgenologic findings in gastric amyloidosis 
may include pyloric narrowing with stenosis Or 
spasm, mucosal atrophy or mucosal hypertrophy, 
gastric ulceration, gastric stasis and aperistalsis. 
Golden (1954) described 3 cases of primary amy- 
loidosis of the small intestine, in which he found 
segments of narrowing and dilatation, coarsening of 
mucosal folds, mucosal ulceration and very slow 
transit time of barium. 

Amyloid infiltration of bones and joints has 
rarely been recorded. Bone erosion due to amyloid 
deposits in the periarticular tissues of the shoulder 
and elbow joints has been described. Two cases of 
fracture of the femoral neck due to local soft tissue 
invasion have been reported. Involvement of ver- 
tebrae with wedging and collapse has been de- 
scribed. 

Parenchymatous and vascular involvement 1s 
common in both liver and spleen and these organs 
may be considerably enlarged. 

Although the diagnosis of primary amyloidosis 1s 
usually established by clinico-pathologic investiga- 
tion, roentgenologic examination may offer assist- 
ance in arriving at a diagnosis.-Samuel G. Hender- 
son, M.D. 


RADIATION THERAPY 


VasrERLING, Hans-WERNER, and Hitrricu, 
Hans-Jürgen. Uber die prognostische Be- 
deutung der Temperatursteigerung wahrend 

des Kollumkar- 


many.) 


Of the patients treated primarily at the Gottingen 
University’s Gynecologic Clinic for carcinoma of the 
uterine cervix by radiation alone, the authors studied 
those who had had temperature elevations to at least 
100.4°F, They divided these patients into a group of 
316 who had had a fever for no more than 5 days, 
and a group of §8 who had had a fever for longer 
than that. Then they matched the patients in each 
group against "control" patients who had compara- 
ble stages of the disease but who had not been 
febrile during their treatment. 

'The patients who had had fever of shorter dura- 
tion had essentially the same course and prognosis 
as their non-febrile comparison group; £e. fever of 
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short duration (and usually without clear-cut cause) 
did not affect the outcome of the radiation therapy. 
However, those with fevers of longer duration (the 
usual cause was inflammation somewhere in the 
genital tract, often following intracavitary radium) 
had a 254.9 per cent five-year "cure," while their 
non-febrile comparison group had a 43.9 pér cent 
five-year "cure;" the respective mortality from 
carcinoma was 67.2 per cent in the febrile group and 
43.9 per cent in the non-febrile group. 

Definitive chemotherapy or antibiotic therapy 1s 
recommended, but the authors advise against a 
blanket, prophylactic program of chemotherapy or 
antibiotic therapy.—Jenry G. Moehring, M.D. 


Bono, F., and DETTORI, P. Aspetti angiografici 
ed encefalografici nei tumori cerebrali dopo 
radioterapia con alte energie. (Angiographic 
and encephalographic findings in cerebral 
tumors following high energy radiation 
therapy.) Radiobiol., radioter. e fisica medica, 
May-]une, 1964, 79, 192-203. (From: Isti- 
tuti di Radiologia e del Radio dell'Università 
di Bologna and Divisione di Diagnostica 

Neurochirurgica, Ospedale Maggiore di Bo- 
logna, Italy.) 

The authors have performed carotid and ver- 
tebral angiography and encephalography in 20 cases 
of cerebral tumors of various nature and at different 
sites. Co? and Cs teletherapy was used for 
treatment and the tumor doses varied between 
3,500 and 6,000 r. The cases included astrocytoma, 
glioblastoma multiforme, spongioblastoma, oligo- 
dendroglioma, and astrobiastoma. 

Radiographic studies were obtained before sur- 
gery and irradiation and at intervals of 1 month to 
p year; in 1 case up to 3 years. 

(a) Angiography. The authors conclude that oc- 
casionaly following irradiation there has been evi- 
dence of edema of the hemisphere which was the 
site of the neoplastic process. There has been no 
evidence of aneurysmal dilatation, spasm, throm- 
bosis or telangiectasia. 

(b) Encephalography. In some instances, a mod- 
erate ventricular dilatation but no alterations of the 
cisternal and subarachnoid spaces has been seen. 

Recurrences have been demonstrated in areas 
which were not of the primary tumor and at times 
“a the contralateral hemisphere. Anthony A. Blasi, 


M.D. 





Lamp, J. CURTIS, GRAHAM, JAMES H., URBACH, 
FREDERICK, and BURGOON, CARROLL F., fR. 
Keratoacanthoma of the subungual region: a 
clinicopathological and therapeutic study. 

Dec., 1964, 46-4, 

Lamp, 888 Glen- 


VoL. 94, No. 2 


Preoperative recognition of keratoacanthoma is 
important since it responds to local treatment. It is 
à benign tumor which is found occasionally on the 
glabrous skin but is altered clinically when it is in 
the subungual region and confined by the nail plate. 
The rapid growth within a period of weeks tends to 
differentiate it from squamous cell carcinoma even 
though there are some overlapping histochemical 
features of these two tumors. Patients with kerato- 
acanthoma are younger than those with squamous 
cell carcinoma, where 80 per cent of the lesions occur 
after 60 years of age. 

Pain, swelling and erythema develop rapid/y in 
the end of a digit. A portion of the nail separates 
from the bed and then a keratotic crusted nodule 
levelops at the edge of the nail. A white cheesy 
«eratinous material is extruded. There is extensive 
»one destruction of the phalanx from pressure, with 
ittle or no periosteal reaction or new bone forma- 
tion. 

Three cases are reported. The roentgenograms 
revealed a lytic defect of the distal end of the distal 
phalanx of the thumb in each instance; in I case 
about 75 per cent of the phalanx was eroded. 
Clinically they all resembled chronic paronychia, 
but attempts at drainage were unsuccessful. 

The microscopic features of the 3 cases are illus- 
trated; they are identical with those of keratoacan- 
thoma in other anatomic sites and closely resemble 
squamous cell carcinoma. Virus-like particles have 
been demonstrated by electron microscopy. 

The pertinent differential diagnoses are discussed 
and include chronic paronychia, epidermoid cyst 
and osteomyelitis as well as squamous cell carcinoma. 

The importance of recognizing these lesions is 
emphasized because they are benign, and complete 
removal of the tumor without disturbance of adja- 
cent tissue is indicated. The nail plate should also 
be removed. Radical surgery or irradiation is in- 
advisable-—Martha Mottram, M.D. 


RADIOISOTOPES 


NIcArzE, J. G., Fuecer, C. F., Srern, H. Bs 
WacNER, H. N., Jr., and Micarta, T. Tc*?n 
pertechnetate for brain scanning. Y. Nuclear 
Med., Nov., 1964, 5, 811-827. (From: De- 
partments of Radiology and Radiological 
Science, The Johns Hopkins Schools of 
Medicine, Hygiene and Public Health, 
Baltimore, Md.) 


There continues to be laboratory and clinical 
irvestigation of radioactive isotopes in the search 
fcr the ideal agent. 

Technetium (Tc?) was first applied clinically for 
liver scanning in 1963. Thyroid and brain scanning 
soon followed. 

In this report the applicability of Tc?" labeled 
pertechnetate as an agent for brain scanning is 
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further investigated. Its tissue distribution in man 
and animals, and the relative merits of oral versus 
intravenous modes of administration are discussed. 

Data on Tc*?" include the physical properties; the 
source from a molybdenum ??-technetium 2° genera- 
tor; preparation of the radioactive material for oral 
(nonsterile) and intravenous (pyrogen-free) injec- 
tion; tissue distribution and/or excretion after 
parenteral and oral administration; body and organ 
radiation dosimetry; and finally the technique of 
brain scanning with this element. 

From January through June, 1964, 137 brain 
scans were performed with pertechnetate on 133 
patients—s2 by oral administration and the re- 
mainder bs intravenous injection. Adequate follow- 
up was available on 121 of these patients. There 
were 22 cases with proven intracranial tumors in 
this group; 16 were correctly localized, $ were 
negative, and 1 was technically unsatisfactory. The 
over-all diagnostic accuracy was 73 per cent. No 
marked diterence in diagnostic accuracy had been 
noted in camparative scans between I! albumin and 
Hg?" chlormerodrin. It appears that certain tumors 
frequently missed with the other agents, such as low 
grade astrecytomas and parasellar cysts, may also 
be missed with pertechnetate. 

The short physical half-life of 6 hours, the absence 
of beta emission, and the gamma emission of 140 
kev. permit administration of large amounts of 
radioactivity (1 to 10 mc); yet the radiation dosage 
is below the levels obtained with I albumin and 
Hg?" or Hg"? chlormerodrin at standard doses. Pro- 
cedure and scanning time are greatly reduced while 
maintaining the same counting techniques used with 
I?! albumin or Hg? chlormerodrin. With this scan- 
ning agent, the vascular anatomic structures of the 
skull are more clearly seen than with previous agents 
because of higher radioactive blood stream levels. 
Extremely high activity is also observed in the 
salivary and lacrimal glands.—Richard Pfister, M.D. 


SCHMIDTKE, INGEBORG, BLATTNER, LISELOTTE, 
and ScHIESsLE, WALTER. Uber einige auto- 
radiographische Beobachtungen nach Inhala- 
tion von radioaktivem Yttrium und Zir- 
konium.  (Autoradiographic observations 
after inhalation of radioactive yttrium and 
zirconium.) Strahlentherapie, June, 1964, 724, 
232-241. (From: Medizinische Universitäts- 
klinik, Freiburg/Brsg., Germany.) 


Four-month old guinea pigs inhaled nebulized 
radioactive zirconium oxalate or yttrium chloride 
solutions for 30 minutes. The animals were killed at 
varying intervals up to 3 weeks after the inhalation. 

Autoradiographic studies (13 illustrations) showed 
long lasting retention of radioactive zirconium and 
yttrium in pulmonary interstitial tissue and in re- 
gional lymph nodes.—Henry G. Moehring, M.D. 


CHEMOTHERAPY 


HovsBAcHER, O. Treatment of the terminal stages 
of cancer with SP-G and SP-I: preliminary 
communication. German Med. Monthly, Sept., 
1964, 9, 363-368. (Address: Róntgeninstitut, 
Scherzligweg 16, Thun, Switzerland.) 


'This report deals with a group of 107 patients of 
442 selected cases of advanced cancer who were 
treated with the cytostatic agents SP-G (podophyl- 
lotoxin-8-D benzylidene glucoside) and SP-I (podo- 
phyllic acid ethylhydrazide) which act by blocking 
mitosis in early metaphase. The dose was 400 mg. 
SP-I or 200 mg. SP-G daily, with total dosages 
varying widely over a period of months. Some pa- 
tients had previously been treated with other cyto- 
static agents while at least one had treatment 
following surgery and irradiation. The tumor eftect 
in the reported series was judged to be solely due to 
SP.I or SP-G. Twenty-eight patients (23.6 per cent) 
were thought to have been successfully treated as 
measured by objective evidence of either actual 
shrinkage of tumor, change in blood picture, “‘signi- 
ficant regression of clinical signs and symptoms," or 
remissions for at least 6 weeks. 

Patients with simple undifferentiated carcinoma 
of the breast and bone metastases seemed to benefit 
most, although sporadic cases of other types of 
cancer, including 1 case of Hodgkin's disease, also 
seemed to respond. 

Diarrhea (30 per cent) and nausea (6 per cent) are 
the important side effects. The drugs do not cause 
leukocytopenia. 

The author advises that these drugs be used in 
combination with accepted modes of cancer therapy 


rather than as a replacement.—Fredrick S. Mishkin, 
M.D. 


MISCELLANEOUS 


LiNpBLoM, ApoLr F. Measuring of doses re- 
ceived by the personnel in radiological de- 
partments and its importance. JS/raAen- 
therapie, May, 1964, 724, 69-74. (From: 


NO AN 
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Radiological Department of Central Hos- 
pital, Váxjó, Sweden.) 


The author found two situations in which 
psychologic factors played a big role: (1) The weekly 
doses received by personnel in diagnostic roentgen- 
ology were high because of carelessness, but when 
film badge monitoring results were conspicuously 
posted, the amount of carelessness and the weekly 
doses both dropped considerably; (2) student nurses 
resist recruitment for training and duty in radiologic 
departments because of the risk of radiation ex- 
posure. 

The author's observations show that personnel 
receive relatively high doses during angiographic and 
direct, operative cholangiographic procedures—he 
believes because in each instance protective arrange- 


ments are still in their developmental stages.— 
Henry G. Moehring, M.D. 


WacHsMANN, FeLix, and Kermani, Djawap. 
Versuche über die biologischen Wirkungen 
extrem hoher Dosen. (Experiments on the 
biologic effect of extremely high radiation 
doses.) Strahlentherapie, May, 1964, 724, 86- 
98. (From: Institut ftir Physikalische und 
Medizinische Strahlenkunde der Univer- 
sitit Erlangen-Nürnberg, Nürnberg, Ger- 
many.) 


Five series of illustrations depict the effect of 
roentgen doses up to 12 million roentgens (55 kv., 
15 ma., 4 cm. from focal spot, no filter except the 1 
mm. beryllium window) on plants’ leaves and on the 
hind legs of frogs. 

Up to £00,000 r the effect on a leaf was limited to 
the irradiated field, but one million roentgens caused 
the entire leaf, the unirradiated parts included, to 
wilt. Despite limiting the radiation to non-vital 
parts (the leg), the frogs died when high doses were 
given. 

These findings, plus a series of experiments in 
which the irradiated frog's leg was amputated or its 
circulation greatly slowed by tourniquet, suggest the 
presence of "radiotoxins."—H'enry G. Moehring, M.D. 
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